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PREFACE 


This  feasibility  study  was  prepared  by  the  Montana  Depart- 
ment of  Health  and  Environmental  Sciences  (MDHES)  with  tech- 
nical and  engineering  assistance  by  the  engineering  firm 
CH2M  HILL.  The  study  was  conducted  in  cooperation  with  the 
U.S.  Environmental  Protection  Agency  (USEPA) , in  accordance 
with  the  requirements  of  the  Comprehensive  Environmental  Re- 
sponse, Compensation,  and  Liability  Act  (CERCLA.)  or 
"Super fund"  and  the  regulations  promulgated,: thereunder . 
CERCLA  allows  states  and  the  federal  goy  e rnment i;; t o respond 
to  releases  and  threatened  releases  of  hazardous,:  substances , 
pollutants,  and  contaminants. 


This  study  identifies  and  ev a luat e s remedi a t ion  alternatives 
for  the  Warm  Springs  Ponds  Operlable  Unit,  near  Warm  Springs, 
Montana.  The  Warm  Spring s :::P ond s \ Op e r ab  1 e Unit  is  a part  of 
the  Silver  Bow  Creek  Sapper  fund  Site,  which  is  one  of  four 
separate  but  contiguous  Super fund  sites  in  the  upper  Clark 
Fork  Basin  area  of  Mont:ana\;  The  Silver  Bow  Creek  Site 
begins  in  Butta,  Montana,  and  extends  down  Silver  Bow  Creek 
to  its  conf luence .with :: the  Clark  Fork  River.  The  Clark  Fork 
Basin  then  extends  down  the  Clark  Fork  River  to  Milltown 
Dam.  The  Silver  Bow  Creek  Site  was  placed  on  the  Superfund 
National  Priorities  List  in  September  1983  after  preliminary 
investigations  and  assessments  were  conducted  at  the  site. 


All  of  the  chapters  in  this  feasibility  study  are  the  result 
of  the  cooperative  efforts  of  the  State  of  Montana,  the 
USEPA,  and  the  engineering  firm.  The  discussions  of  legal 
and  procedural  matters,  and  the  discussions  of  the 


• • • 
in 


applicable  or  relevant  and  appropriate  requirements  (ARARs) 
that  any  remedial  actions  will  have  to  follow,  are 
conclusions  of  the  two  agencies. 

The  agencies  developed  cleanup  goals  and  provided  direction 
and  guidance  for  developing  alternatives  that  would  meet 
Superfund  statutory  requirements,  ARARs,  and  current  USEPA 
feasibility  study  guidance.  The  engineering  firm  provided 
technical  support  to  the  agencies  to  meet  these  objectives. 
MDHES  and  USEPA  will  ultimately  select  the  reniedy  for  this 
operable  unit . 
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GLOSSARY  OF  TERMS 


Acre-Foot:  The  amount  of  water  it  takes  to  cover  an 

acre  of  land  with  1 foot  of  water.  Equal  to 
325,829  gallons. 

Acceptable  Daily  Intake:  The  amount  of  a toxic  sub- 

stance that  is  without  appreciable  risk  of  causing  an  ad- 
verse effect  to  the  general  human  population  following 
exposure.  The  amount  is  derived  from  human  and/or  animal 
studies,  with  a safety  factor  applied  to  account  for  the 
level  of  confidence  in  the  data.  Acceptable  daily  intake  is 
expressed  in  milligrams  of  substance /kilogram  body 
weight /day. 

Acceptable  Intake  for  Chronic  Exposure:  The  highest 

human  intake  of  a chemical  that  is  not  expected  to  cause 
adverse  effects  when  exposure  exists  over  a lifetime.  The 
level  usually  is  based  on  chronic  animal  exposure.  Accept- 
able intake  for  chronic  exposure  is  expressed  in  milligrams 
of  chemical/kilogram  of  body  weight /day. 

Acute  Standards:  State  water  quality  regulations  set- 

ting peak  short-term  concentrations  of  contaminants  to  pre- 
vent injury  or  death  of  aquatic  life.  They  are  derived  from 
federal  Ambient  Water  Quality  Criteria.  (See  chronic 
standards  for  comparison. ) 

Alternative  Treatment  Technologies:  Treatment  technolo- 

gies that  have  been  fully  developed  but  are  not  yet  exten- 
sively used,  such  as  bioremediation,  certain  incineration 
technologies,  etc. 
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Applicable  or  Relevant  and  Appropriate  Requirements: 

Federal  and  state  environmental  laws  that  legally  apply  or 
are  relevant  and  appropriate  to  site  cleanup.  (See  CERCLA 
§121 (d) , 42  USC  §121 (d) . ) 

Background  Levels  or  Concentrations:  Typical  concentra- 

tions of  various  metals  and  other  chemicals,  measured  by 
Moore  (1985),  in  areas  in  the  Clark  Fork  Basin  near  Missoula 
and  Milltown.  These  values  are  used  in  this  feasibility 
study  only  as  current  baseline  concentrations  for  comparison 
with  contaminant  concentrations  of  soils  in  the  operable 
unit . 

Baseflow:  The  sustained  flow  of  a stream  that  is  fed 

primarily  by  groundwater.  Low  flows  during  low  precipita- 
tion/runoff periods  (winter  and  summer)  are  primarily  base- 
flow. 

Chronic  Standards:  State  water  quality  regulations  set- 

ting maximum  acceptable  concentrations  of  contaminants  for 
long-term  protection  of  aquatic  life.  They  are  derived  from 
federal  ambient  water  quality  criteria.  (See  acute 
standards  for  comparison. ) 

Clean  Water  Act:  The  Federal  Water  Pollution  Control 

Act,  33  USC  §§  1251-1387,  enacted  to  restore  and  main- 
tain the  chemical,  physical,  and  biological  integrity  of  the 
nation’s  waters  by  controlling  discharges  of  pollutants  and 
dredged  or  fill  materials  into  those  waters. 

Comprehensive  Environmental  Response,  Compensation,  and 
Liability  Act  (CERCLA) : The  statutory  program  to  clean  up 

existing  hazardous  waste  sites  and  to  provide  a response 
mechanism  to  clean  up  release  of  such  wastes  into  the  envi- 
ronment. 42  USC  §§  9601-9675.  (See  Superfund.) 
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Cubic  Feet  Per  Second  (CFS) : A measurement  of  volume 

flow  rate  equivalent  to  646,315.2  gallons  per  day  and 
1.98  acre-feet  per  day. 

EP  Toxicity:  A characteristic  of  waste,  as  determined 

by  testing  involving  an  extraction  procedure,  that  shows  con- 
centrations of  specified  contaminants,  primarily  heavy 
metals  and  certain  pesticides.  Wastes  that  are  EP  toxic  are 
classified  as  hazardous  wastes  and  are  subject  to  strict 
handling  and  disposal  requirements.  Section  16.44.324, 

ARM;  40  CFR  § 261.24. 

Exposure  Pathway:  Defines  the  ways  potential  human  re- 

ceptors (residents,  visitors,  workers,  etc.)  could  be  ex- 
posed to  contaminated  site  media  (water,  soil,  biota,  etc.). 

Exposure  Scenario:  Characterizes  the  amount  of  contami- 

nated media  consumed,  inhaled,  or  absorbed  by  quantifying 
each  potential  receptor /media/ exposure  pathway  combination 
for  the  site. 

Feasibility  Study:  The  study  undertaken  by  the  U.S.  En- 

vironmental Protection  Agency  or  the  Department  of  Health 
and  Environmental  Sciences  to  develop  and  evaluate  remedial 
action  alternatives  under  Superfund  in  order  to  select  the 
proper  remedy.  Remedial  action  alternatives  developed  in 
the  feasibility  study  rely  in  part  on  data  collected  and  ana- 
lyzed in  the  remedial  investigation. 

Hazard  Index:  A system  for  assessing  the  overall  poten- 

tial for  adverse  health  effects  posed  by  exposure  to  multi- 
ple noncarcinogenic  chemicals.  The  hazard  index  is 
expressed  numerically  and  indicates  the  proximity  of  a chemi- 
cal mixture  to  acceptable  exposure  limits  or  the  degree  to 
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which  a mixture  exceeds  acceptable  exposure  levels.  A haz- 
ard index  greater  than  one  for  a particular  substance  or 
mixture  indicates  a potential  health  risk  from  the  mixture. 
The  hazard  index  provides  only  a rough  measure  of  the 
toxicity  of  a mixture. 

Human  Health  and  Environmental  Protectiveness  Standards: 
Standards  used  to  assess  the  adequacy  of  cleanup  alterna- 
tives if  applicable  or  relevant  and  appropriate  requirements 
do  not  exist  or  do  not  adequately  protect  public  health  and 
the  environment.  For  example,  cleanup  standards  for  soil 
are  based  on  the  risk  posed  by  exposure  to  contaminants  in 
soil,  because  no  federal  or  state  law  defines  acceptable  con- 
centration limits. 

Lead  Agency:  The  governmental  agency  with  primary  re- 

sponsibility for  coordinating  response  actions  and/or  en- 
forcement activities  at  a Superfund  site.  40  CFR 
§ 330.6  (1985).  The  Montana  Department  of  Health  and 
Environmental  Sciences  is  the  lead  agency  for  purposes  of 
conducting  remediation  at  the  Silver  Bow  Creek  Site, 
including  the  Warm  Springs  Ponds  Operable  Unit.  MDHES  and 
EPA  will  jointly  select  the  remedy  and  take  appropriate 
enforcement  action. 

Maximum  Contaminant  Levels:  Water  quality  standards 

adopted  pursuant  to  the  federal  Safe  Drinking  Water  Act,  sig- 
nifying the  maximum  permissible  level  of  a contaminant  in 
drinking  water.  42  USC  § 300f(3). 

Maximum  Credible  Earthquake:  The  most  severe  earthquake 

considered  to  be  possible  at  Warm  Springs  Ponds  on  the  basis 
of  geological  and  seismological  evidence.  The  maximum  cred- 
ible earthquake  is  determined  by  regional  and  local  studies, 
which  include  a complete  review  of  all  historic  earthquake 
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data  relating  to  events  sufficiently  nearby  to  influence  the 
site,  all  faults  in  the  area,  and  attenuations  from  causa- 
tive faults  to  the  site.  The  maximum  credible  earthquake 
has  not  been  established  for  the  Warm  Springs  Ponds,  al- 
though a preliminary  estimate  is  available  for  use  in  this 
study. 

Media-Specific  Action:  A remedial  action  (i.e.,  clean- 

up) alternative  for  a specific  medium,  such  as  surface 
water,  groundwater,  or  soil.  Media-specific  actions  ulti- 
mately are  combined  into  comprehensive  cleanup  alternatives 
addressing  all  media  at  the  operable  unit. 

Montana  Water  Quality  Act:  The  Montana  law  established 

to  prevent,  abate,  and  control  pollution  of  state  waters  so 
as  to  protect  and  improve  the  quality  and  potability  of 
water  for  drinking,  aquatic  habitat,  agriculture,  recrea- 
tion, and  other  beneficial  uses.  Title  75,  Chapter  5,  MCA. 

National  Contingency  Plan:  The  National  Oil  and  Hazard- 

ous Substances  Pollution  Contingency  Plan,  published  under 
the  Clean  Water  Act,  revised  pursuant  to  CERCLA,  and  set 
forth  at  40  CFR  Part  300  (1985).  The  NCP  provides  comprehen- 
sive guidelines  and  procedures  for  efficient,  coordinated, 
and  effective  response  to  discharges  of  oil  and  releases  of 
hazardous  substances,  pollutants,  and  contaminants.  40  CFR 
§ 300.3(b)  (1985). 

National  Priorities  List:  CERCLA  requires  the  President 

to  prepare  a list  of  national  priorities  among  Superfund  and 
potential  Superfund  sites  for  the  purpose  of  taking  remedial 
or  removal  action  to  respond  to  releases  or  threatened  re- 
leases of  hazardous  substances  at  such  sites.  The  list  is 
used  to  determine  what  sites  will  be  accorded  priority  for 
cleanup  using  Superfund  money.  42  USC  § 9605(a)  (8) 
and  40  CFR  § 300.66(c)  (1985). 


No-Action  Alternative:  A remedial  action  alternative 

that  involves  taking  no  or  very  minimal  action  at  a site.  A 
no-action  alternative  generally  provides  a basis  from  which 
to  compare  action  alternatives  by  illustrating  the  risks  to 
human  health  and  the  environment  existing  at  a site  without 
remediation. 

100-Year  Flood:  A flood  magnitude  expected  to  recur  on 

the  average  of  once  every  100  years  or  a flood  magnitude 
that  has  a 1 percent  chance  of  occurring  in  any  given  year. 

Operable  Unit:  A portion  of  a Superfund  site,  address- 

ing either  geographical  areas  of  the  site,  specific  site 
problems,  or  other  discrete  components  of  the  site.  Any 
given  site  can  be  divided  into  a number  of  operable  units. 

40  CFR  § 300.6  (1985);  Proposed  Revision  to  NCP, 

53  Fed.  Reg.  51,394  (1988)  (to  be  codified  at  40  CFR 

§ 300.5).  The  Warm  Springs  Ponds  Operable  Unit  is 

one  of  several  operable  units  of  the  Silver  Bow  Creek  Site. 

Preliminary  Assessment  and  Site  Investigation:  The  in- 

itial evaluation  of  potential  hazards  to  health  or  the  envi- 
ronment caused  by  hazardous  substances  at  a site.  The  pre- 
liminary assessment  is  conducted  by  the  lead  agency  to  deter- 
mine the  source  and  nature  of  the  release,  whether  a threat 
to  public  health  or  the  environment  exists,  the  need  for 
cleanup  activities,  and  whether  the  site  should  be  listed  on 
the  National  Priorities  List.  40  CFR  § 300.64 
( 1985)  . 

Primary  Drinking  Water  Standards:  Standards  estab- 

lished pursuant  to  the  Safe  Drinking  Water  Act  that  apply  to 
public  water  systems,  specify  contaminants  that  may  ad- 
versely affect  human  health,  and  specify  acceptable 
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contaminant  levels  (in  terms  of  maximum  contaminant  levels). 
42  USC  § 300f ( 1 ) . 

Probable  Maximum  Flood  (PMF) : The  most  severe  flood 

that  may  be  reasonably  expected  in  a particular  location,  as 
determined  by  a combination  of  regional  meteorologic  and 
hydrologic  conditions. 

Probable  Maximum  Precipitation:  The  greatest  estimated 

depth  of  precipitation  for  a given  duration  that  is  physi- 
cally possible  over  a given  size  storm  area  at  a particular 
geographic  location  at  a certain  time  of  the  year.  The  prob- 
able maximum  precipitation  is  one  factor  used  in  assessing 
the  probable  maximum  flood. 

Public  Health  and  Environmental  Assessment:  An  analysis 

of  existing  and  potential  human  health  and  environmental 
risks  at  a site,  stated  both  quantitatively  and  qualita- 
tively, resulting  from  exposure  to  contaminants.  The  public 
health  and  environmental  assessment  is  based  in  part  on  in- 
formation gathered  during  the  remedial  investigation.  It 
provides  one  basis  for  determining  whether  remedial  action 
is  necessary  at  a site  and  estimates  the  health  and  environ- 
mental risks  associated  with  selecting  a no-action  alterna- 
tive. Equivalent  to  baseline  risk  assessment. 

Record  of  Decision:  Documentation  of  the  alternative 

selected,  if  required,  to  clean  up  a site.  Selection  and 
implementation  of  the  no-action  alternative  would  not  re- 
quire a record  of  decision. 

Remedial  Action:  A response  to  a release  of  hazardous 

substances  to  prevent  or  minimize  the  release  so  that  it 
does  not  cause  substantial  danger  to  present  or  future  pub- 
lic health  or  welfare  or  the  environment.  42  USC 
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§ 9601(24)  and  40  CFR  §§  300.6  and  300.68 
(1985)  . 


Remedial  Action  Alternatives:  Options  for  conducting 

remedial  action  (i.e.,  cleanup)  at  a site.  The  alternatives 
in  this  feasibility  study  are  developed  first  on  a media-by- 
media basis.  Alternatives  to  provide  cleanup  of  a medium 
are  called  media-specific  actions.  Media-specific  actions 
are  then  combined  into  comprehensive  cleanup  alternatives, 
called  operable  unit-wide  alternatives,  providing  cleanup 
remedies  for  all  media  at  the  operable  unit. 

Remedial  Design:  The  stage  in  the  Super fund  cleanup 

process,  following  selection  of  a remedy  in  the  record  of 
decision,  during  which  detailed  design  plans  and  specifica- 
tions are  developed  to  implement  the  cleanup.  Following  the 
remedial  design  phase,  the  selected  cleanup  actions  are  im- 
plemented . 

Remedial  Investigation:  A study  and  assessment  of  the 

nature  and  extent  of  actual  and  threatened  contamination  at 
a Superfund  site,  based  on  field  investigations,  laboratory 
analyses,  and  data  evaluations.  Data  obtained  through  the 
remedial  investigations  are  used  in  conjunction  with  other 
data  to  develop  remedial  action  alternatives  for  a site, 
which  are  presented  and  evaluated  in  the  feasibility  study. 

Resource  Conservation  and  Recovery  Act  (RCRA) : The 

statutory  scheme  to  regulate  hazardous  waste  management  from 
"cradle-to-grave , " including  the  treatment,  storage,  and  dis- 
posal of  such  wastes.  42  USC  §§  6901-699H. 

Resource  Recovery  Technologies:  Technologies  that  re- 

cover energy  or  material  resources  from  waste.  Resource  re- 
covery technologies  can  be  used  for  cleanup  at  some  sites. 
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Safe  Drinking  Water  Act:  The  statutory  scheme  regulat- 

ing contaminant  levels  in  water  used  for  drinking  purposes 
in  order  to  ensure  protection  of  public  health.  42  USC 
§§  300f  - 300j -11. 

Secondary  Drinking  Water  Standards:  Standards  estab- 

lished pursuant  to  the  Safe  Drinking  Water  Act  that  apply  to 
public  water  systems.  They  differ  from  primary  drinking 
water  standards  principally  in  that  they  protect  public  wel- 
fare, as  opposed  to  the  health  of  persons.  42  USC 
§ 300f (2) . 

Superfund:  The  Comprehensive  Environmental  Response, 

Compensation,  and  Liability  Act  of  1980  (CERCLA),  amended  in 
1986  by  the  Superfund  Amendments  and  Reauthorization  Act 
(SARA).  42  USC  §§  9601-75.  The  statutory  program  to 
clean  up  existing  hazardous  waste  sites  and  to  provide  a re- 
sponse mechanism  to  clean  up  release  of  such  wastes  into  the 
environment . 

Support  Agency:  The  governmental  agency  providing  a re- 

view and  consultative  role  to  the  lead  agency  in  the  conduct 
of  technical  and/or  enforcement  activities  at  a Superfund 
site.  The  support  agency  provides  general  oversight  of  ac- 
tivities, participates  in  the  decisionmaking  process,  re- 
views and  comments  on  technical  data,  and  represents  the 
interests  of  the  agency.  EPA  has  the  role  of  support  agency 
with  respect  to  remedial  activities  at  the  Silver  Bow  Creek 
Site,  including  the  Warm  Springs  Ponds  Operable  Unit.  MDHES 
and  EPA  will  jointly  select  the  remedy  and  take  appropriate 
enforcement  action. 

Target  Compound  List:  EPA’s  Routine  Analytical  Services 

list  of  organic  compounds. 


Treatability  Studies  or  Testing:  Small-scale  testing  of 

a treatment  alternative  or  unit  operation  of  a treatment  al- 
ternative to  obtain  performance  evaluations  and  cost  esti- 
mates in  anticipation  of  full  development  and  evaluation  of 
the  treatment  alternative. 

Water  Quality  Criteria:  Water  quality  characteristics 

that  are  expected  to  support  and  protect  an  organism,  an  or- 
ganism community,  or  a prescribed  water  use  or  quality  with 
an  adequate  degree  of  safety.  Criteria  for  domestic  water 
supplies  are  intended  to  protect  human  health,  whereas  crite 
ria  for  aquatic  life  are  intended  to  protect  aquatic  ecosys- 
tems. Water  quality  criteria  differ  from  water  quality  stan 
dards  in  that  the  former  are  not  enforceable  rules.  Rather, 
criteria  represent  scientific  data  and  guidance  of  the  envi- 
ronmental effects  of  pollutants  and  are  used  to  derive  water 
quality  standards  (i.e.,  regulations). 


Is/ CVOR205 /014 .WP 


xxx 


ERRATA  AND  LATE  REVISIONS 
Changes  to  report  appear  in  bold-face  type  below: 


Page  4-7 

Figure  4-2  should  have  the  same  notes  as 
listed  in  Figure  4-1. 

Page  7-22 

The  second  bulleted  item  should  read, 
"Transportation  to  an  onsite  secure  disposal 
facility  (Pond  1 prior  to  solidification  or 
capping  with  a RCRA- equivalent  cap) 

Page  7-76 

The  end  of  fourth  paragraph  referring  to 
capping  should  read,  " . . . a/ stable  vegetative 
cover  in  accordance  with  reclamation 
requirements . " 

Page  7-82 

The  end  of  the  firs  tip  Ar  ag  r ap  h referring  to 
Pond  1 should  read,  " . « . 1$  to  cover  it  with  a 
RCRA- equivalent  cap  and  itevegetate  the 
contaminated  areas* 

The  second  paragraph  states  that  "action 
levels  for  tailings  (deposits  and  contaminated 
soils  have  nqt  yet  been  set . However,  the 
"assumed"  -action  levels  have  now  " . . .been 
selected.  # (as  stated  on  page  7- 1 ) 
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EXECUTIVE  SUMMARY 


INTRODUCTION 

The  Warm  Springs  Ponds  are  a part  of  the  Silver  Bow  Creek 
Superfund  Site.  The  ponds  are  located  at  the  downstream  end 
of  Silver  Bow  Creek,  just  above  the  confluence  of  the  Mill- 
Willow  Bypass  and  Warm  Springs  Creek.  That  confluence  is 
the  defined  beginning  point  of  the  Clark  Fork  River. 

Figure  ES-1  shows  the  major  features  of  the  Warm  Springs 
Ponds  Operable  Unit  and  establishes  the  boundaries  of  the 
study  area. 

The  Clark  Fork  Basin,  which  includes-::, the  Silver  Bow  Creek 
Site,  is  the  largest  geographic-area  ih,  the  nation  being 
addressed  under  Superfund.  The,  Site  has  -been  impacted  by 
over  100  years  of  mining  and  prdicksbihg-  operations  in  the 
Butte  and  Anaconda  areas.  Mining,  began  with  the  discovery 
of  gold  in  1864  on  S i Iyer,  Bow  ; Cfee ek . By  1884,  the  Butte 
area  contained  over  ,300  combined  copper  and  silver  mines, 

9 silver  mines,  ahd : 8 . Mining  and  smelting  contin- 
ued until  1982 ;%when  the  Anaconda  Minerals  Company,  by  that 
time  owned  by  the\Afelantic -Richfield  Company,  closed  the 
Berkeley  Pit  in  Butte  * : : Mining  and  milling  has  since 
resumed,  with  the  takeover  of  operations  by  Montana 
Resources,  Inc.,  and  others  in  1986. 

Over  the  years,  the  mining  and  related  activities  have 
resulted  in  extensive  soil,  water,  and  air  contamination 
within  the  study  area.  Contamination  of  Silver  Bow  Creek 
occurred  from  the  outset  of  mining  activities.  Mining, 
milling,  and  smelting  wastes  were  dumped  directly  into 
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Silver  Bow  Creek  and  transported  downstream  to  the  Clark 
Fork  River. 

In  1911,  the  Anaconda  Copper  Mining  Company  built  its  first 
treatment  pond  near  Warm  Springs,  Montana,  to  settle  out 
wastes  from  Silver  Bow  Creek  before  the  water  reached  the 
Clark  Fork  River.  This  is  now  noted  as  Warm  Springs  Pond  1 
(see  Figure  ES-1).  Warm  Springs  Ponds  2 and  3 were 
constructed  in  approximately  1916  and  1959,  respectively,  as 
additional  settling  capacity  was  needed.  The  :ponds  now 
cover  an  area  of  approximately  4 square  miles.-"  Over  the 
past  80  years,  an  estimated  19  million  cubic  yards  of 
tailings  and  heavy  metal  contaminated  sidimenfes  Xsludges) 
have  collected  in  the  ponds.  The  l^^lljfepn  cubic  yards  of 
wastes  could  cover  the  playing  area";iior%if'0i6i!’  football  fields 
90  feet  deep,  which  is  as  high  ;!as;,a  nihe-%tory  building. 

Mining  wastes  are  no  longer  relea:$:e:4::?:d:irect ly  into  Silver 
Bow  Creek,  but  tail ing s depo sit s long  the  creek  banks 
continue  to  erode  and  %raycl  down  jt:he  creek  during  periods 
of  above-average  flows  and  lifloodS.  It  is  estimated  that 
approximately  3 million %publdi!:  yards  of  contaminated  tailings 
are  still  presentsalongi;  the  banks  of  Silver  Bow  Creek. 
Through  dissolution^  t^e/tailings  and  sediments  cause  the 
water  flowing  in  S ily er  Bow  Creek  to  be  contaminated 
with  dissolved  metals,  particularly  copper  and  zinc.  Other 
metals  detected  in  Silver  Bow  Creek  are  arsenic,  cadmium, 
lead,  iron,  aluminum,  and  manganese. 

The  Warm  Springs  Ponds  are  still  used  to  contain  entrained 
sediments  and  treat  the  contaminated  water  flowing  down 
Silver  Bow  Creek  before  it  reaches  the  Clark  Fork  River. 

The  ponds  operate  by  settling  out  tailings  particles  and 
other  solids  and  by  reducing  the  concentrations  of  the 
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dissolved  metals.  Chapter  2,  Site  Description  and 
Contamination  Characteristics,  of  this  feasibility  study 
describes  the  operation  of  the  Warm  Springs  Ponds  in  detail. 

The  berms  containing  the  Warm  Springs  Ponds  are  susceptible 
to  flood  and  earthquake  damage.  Failure  potentially  could 
release  millions  of  cubic  yards  of  the  tailings  and 
sediments  into  the  Clark  Fork  River.  Because  this  could 
cause  considerable  environmental  damage  downstream  of  the 
ponds,  the  State  of  Montana  and  the  USEPA  identified  the 
ponds  as  a high-priority  portion  of  the  Silver  Bow  Creek 
Superfund  Site  and  the  first  operable  unit  of  the  site  to  be 
studied. 

The  Warm  Springs  Ponds  Operable  Unit  also  presents  two  other 
significant  environmental  and  human  health  concerns: 

o The  surface  waters  in  all  three  creeks  that  enter 
the  operable  unit  (Mill,  Willow,  and  Silver  Bow; 
see  Figure  ES-1)  are  contaminated  with  dissolved 
metals.  The  surface  water  quality  standards 
adopted  under  the  Montana  Water  Quality  Act  are 
frequently  exceeded  for  copper  and  zinc  within  the 
area. 

o Large  areas  of  surface  contamination,  comprised  of 
tailings  and  contaminated  soils,  are  present  with- 
in the  boundaries  of  the  Warm  Springs  Ponds  Oper- 
able Unit.  The  tailings  and  contaminated  soils, 
which  include  previously  submerged  pond  bottom 
sediments  that  are  now  exposed,  contain  elevated 
levels  of  several  metals  and  are  partially  unvege- 
tated or  sparsely  vegetated.  The  exposed  tailings 
and  contaminated  soils  are  available  for  human  and 
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animal  exposure.  Copper  and  zinc,  which  are 
significant  contaminants  in  the  tailings,  are 
suspected  of  causing  several  fishkills  observed  in 
the  Mill-Willow  Bypass  and  the  Clark  Fork  River. 
Tables  2-2  and  2-3  list  the  metals  identified  in 
the  deposits  at  several  areas  around  the  site. 


This  feasibility  study  relies  on  and  incorporates  data  and 
information  developed  during  the  site  remedial  investiga- 
tion. The  remedial  investigation  studied  the  nature  and  ex- 
tent of  contamination  existing  within  the  operable  unit. 

The  purpose  of  this  feasibility  study  is  to^ develop  a range 
of  feasible  alternatives  for  site  cleanup! . ft,  develops  and 
evaluates  in  detail  a range  of  remedial"  alternatives  from 
which  the  State  of  Montana  and  the  |jSilA,:.;;i;iwith  public  par- 
ticipation, will  select  the  appropriate  remedy  for  site 
cleanup.  The  selected  cleanup  .alternative  must,  at  a mini- 
mum, ensure  protection  of  human  •iiKdaitft::-and  the  environment 
and  meet  certain  applicable-;or  relevant  and  appropriate 
requirements , standard!'!  ,C.c ri:t:§ria jVb r limitations . 


THE  FEASIBILITY  STUDY  PROCESS 


Super fund  and  the  National  Contingency  Plan  establish  a 
process  and  a format  for  site  investigations,  remedy 
selection,  and  site  cleanup  (see  Figure  ES-2).  First,  a 
preliminary  assessment  and  a subsequent  remedial 
investigation  explore  the  nature  and  extent  of  contamination 
at  the  site.  A determination  is  made  whether  site 
conditions  require  immediate  cleanup  work  to  protect  public 
health  and  the  environment,  and  whether  the  site  warrants 
further  remedy. 
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THE  SUPERFUND  PROCESS 

WARM  SPRINGS  PONDS  OPERABLE  UNIT 

BOI24856.N  1 FEASIBILITY  STUDY 


The  USEPA  conducted  preliminary  site  investigations  and  as- 
sessments of  the  Upper  Clark  Fork  Basin  in  1982.  A remedial 
investigation  for  the  Warm  Springs  Ponds  was  conducted  under 
the  State  of  Montana’s  direction  and  was  completed  in 
1989.1 

The  feasibility  study  is  the  next  step  in  the  process.  This 
study  will  be  followed  by  the  decisionmaking  process  for  the 
selected  remedy,  followed  by  design  and  implementation. 


ORGANIZATION  OF  THE  REPORT 


The  results  of  the  feasibility  study  are  presented  in  eight 
chapters : 

o Chapter  1:  Introduction  and  background  of  the 

study 

o Chapter  2:  Site  description  and  summary  of  the 

nature  and  extent  of  the  contamination  as  deter- 
mined by  the  remedial  investigation 

o Chapter  3:  Summaries  of  applicable  or  relevant 

and  appropriate  requirements  (ARARs)  and  the 
Public  Health  and  Environmental  Assessment  (PHEA) , 
both  of  which  will  determine  the  nature  and  scope 
of  the  cleanup 


1 CH2M  HILL,  1989.  Phase  II  Remedial  Investigation  Data  Summary.  Prepared  for  the 
State  of  Montana  Department  of  Health  and  Environmental  Sciences,  Helena,  Montana. 
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o 


Chapter  4:  Listing  and  description  of  eight 

specific  public  health  and  environmental  problems 
identified  within  the  Warm  Springs  Ponds  Operable 
Unit 

o Chapter  5:  Presentation  of  remedial  objectives 

for  the  Warm  Springs  Ponds  Operable  Unit  and  iden- 
tification of  general  approaches  that  might  be 
taken  to  achieve  those  objectives 

o Chapter  6:  Identification  and  screening  of  spe- 

cific remedial  technologies  and  process  options 
for  implementing  the  general  approaches  identified 
in  Chapter  5,  selection  of  representative  remedial 
technologies  and  process  options  for  use  in  assem- 
bling media-specific  actions,  and  assembling  media- 
specific  actions  for  the  eight  human  health  and 
environmental  problems 

o Chapter  7:  Engineering  development  of  the  media- 

specific  actions  into  conceptual  approaches  for 
meeting  the  remedial  objectives 

o Chapter  8:  Assembly  of  a range  of  remedial 

alternatives  by  combining  media-specific  actions, 
and  evaluation  of  the  alternatives  against  seven 
criteria  specified  by  the  USEPA 

The  remainder  of  this  Executive  Summary  briefly  summarizes 
the  results  of  the  study  on  a chapter-by-chapter  basis, 
beginning  with  Chapter  2. 
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SITE  DESCRIPTION  AND  CONTAMINATION  CHARACTERISTICS 

(Chapter  2) 

The  remedial  investigation  of  the  Warm  Springs  Ponds  Oper- 
able Unit  was  completed  in  two  phases.  The  Phase  I remedial 
investigation  was  conducted  by  MultiTech  from  1985  to  1987 . 
The  Phase  II  remedial  investigation  was  conducted  by  CH2M 
HILL  from  1987  to  1989. 

SURFACE  HYDROLOGY 

The  Warm  Springs  Ponds  include  the  primary  hydrologic 
features  within  the  operable  unit.  They  cover  an  area  of 
approximately  2,500  acres  (about  4 square  miles).  Three 
creeks  from  the  south  and  the  west  flow  through  the  operable 
unit  (see  Figure  ES-3) . Silver  Bow  Creek,  the  longest  of 
the  three  creeks,  flows  from  the  south  and  enters  Pond  3 
near  the  southern  end  of  the  operable  unit.  Mill  and  Willow 
Creeks  from  the  west  and  south  flow  into  the  Mill-Willow 
Bypass,  a diversion  ditch,  which  routes  the  comparatively 
less  contaminated  water  in  these  two  creeks  around  the  ponds 
and  to  the  Clark  Fork  River. 

Water  flowing  out  of  Pond  3 goes  primarily  into  Pond  2,  with 
a smaller  volume  being  used  to  maintain  several  wildlife 
ponds  (see  Figure  ES-1).  The  effluent  from  Pond  2 flows 
into  the  Mill-Willow  Bypass  and  then  down  the  bypass  to  the 
Clark  Fork  River.  The  average  flows  in  the  three  creeks  are 
73  cubic  feet  per  second  (cfs)  for  Silver  Bow  Creek,  and 
27  cfs  for  combined  Mill  and  Willow  Creeks. 

The  average  flow  of  100  cfs  in  the  lower  portion  of  the  Mill- 
Willow  Bypass  is  joined  by  the  average  flow  of  approximately 
47  cfs  in  Warm  Springs  Creek  at  the  northern  end  of  the 
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operable  unit  to  form  the  Clark  Fork  River.  (Warm  Springs 
Creek  is  also  contaminated,  possibly  due  to  milling  and 
smelting  activities  in  the  area  west  of  the  operable  unit.) 

GROUNDWATER  HYDROLOGY 

The  shallow  groundwater  system  in  the  Warm  Springs  Operable 
Unit  is  complex,  owing  to  the  heterogeneity  of  the  near 
surface  geology  in  the  area.  The  site  is  in  a groundwater 
discharge  area  for  the  upper  Deer  Lodge  Valley,  typified  by 
shallow  groundwater  tables  and  swamps.  The  presence  of  the 
pond  system  affects  shallow  groundwater  elevations  and 
groundwater  movement  within  the  site. 

Shallow  aquifers  occur  along  present-day  stream  channels  but 
do  not  extend  laterally  throughout  the  site.  Deeper  aqui- 
fers are  associated  with  Tertiary-age  valley  fill  and  thick 
deposits  of  glaciof luvial  material.  These  aquifers  gener- 
ally exhibit  moderate  to  low  permeabilities  and  are  probably 
connected  on  a regional  scale,  although  fine-grained  inter- 
beds tend  to  confine  the  deeper  aquifers  locally. 

The  uppermost  aquifer  at  the  site  is  a 10-  to  15-f oot-thick 
sand  and  gravel  unit,  which  is  typically  present  approxi- 
mately 10  feet  below  ground  surface.  This  sand  and  gravel 
aquifer  appears  to  be  present  throughout  most  of  the  site. 
Groundwater  movement  through  the  site  is  generally  south  to 
north,  although  a significant  component  of  groundwater 
enters  from  the  Opportunity  Ponds  area  to  the  southwest  (see 
Figure  ES-3) . 

No  domestic  wells  are  located  within  the  Warm  Springs  Ponds 
Operable  Unit.  Several  are  located  east  of  the  pond  system 
within  a mile  of  the  operable  unit,  but  these  wells  are  com- 
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pleted  in  bedrock  aquifers  that  do  not  appear  to  be  affected 
by  the  pond  system.  The  town  of  Warm  Springs  derives  its 
water  from  supply  wells  constructed  in  unconsolidated  Ter- 
tiary deposits,  from  depths  of  approximately  200  feet. 

These  wells  appear  to  be  supplied  with  water  derived  from 
groundwater  resources  west  of  and  hydraulically  isolated 
from  the  Warm  Springs  Ponds.  (See  Appendix  A for  more 
detailed  information  on  groundwater  use  in  the  area.) 

NATURE  AND  EXTENT  OF  CONTAMINATION 

Sediments,  surface  water,  soils,  and  groundwater  are  all 
affected  by  contaminants  in  the  Warm  Springs  Ponds  Operable 
Unit.  A schematic  that  shows  the  contaminated  areas  and  the 
migration  pathways  is  presented  as  Figure  ES-4.  Four 
contaminated  media  have  been  identified  for  the  operable 
unit:  pond  bottom  sediments,  surface  water,  tailings 

deposits  and  contaminated  soils,  and  groundwater.  The  media 
are  discussed  in  the  following  sections.  Table  ES-1 
presents  a breakdown  of  the  areas  and  volumes  for  each  of 
the  four  media. 

Sediments,  Tailings,  and  soils 

Two  of  the  media--the  pond  bottom  sediments,  and  the  tail- 
ings deposits  and  contaminated  soils--contain  the  majority 
of  the  contaminants  in  the  Warm  Springs  Ponds  Operable  Unit. 
These  materials  are  typically  fine  to  coarse  sand  and  gener- 
ally contain  metals  associated  with  the  sulfide  ore  body  pre- 
sent near  Butte.  Pond  bottom  sediments  are  also  comprised 
of  precipitated  hydroxides  and  oxyhydroxides  resulting 
principally  from  the  addition  of  lime  to  treat  the  water 
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Table  ES-1 


Media  l--Pond  Bottom  Sediments 
Pond  1 

Exposed  Sediments 
Vegetated /Submerged 
Sediments 


Pond  2 


Pond  3 


Exposed  Sediments 
Vegetated /Submerged 
Sediments 


Submerged  Sediments 


Total  Pond  Bottom  Sediments 

Media  2--Surface  Water 

Silver  Bow  Creeka  , 

Mill  and  Willow  Creeks b 

Media  3--Tailings  Deposits  and 


Mill-Willow  Bypass 

Exposed  Tailings^ ^ 
Vegetated  Tailing^:  andr 
Contaminated:.  Sbil 


Area  Above  Pohd;::3 

Exposed;:,  Tailings  | 
Vegetated  Tailings 
Contaminate 


and 

Soil 


Area  Below  Pond  1 

Exposed  Tailings 
Vegetated  Tailings  and 
Contaminated  Soil 


Total  Tailings  Deposits  and 
Contaminated  Soil 


VOLUMES 

OF  MEDIA 

Area 

Volume 

acres ) 

( acre-feet ) 

(cubic  vards) 

59 

455 

734,000 

225 

1.340 

2.156.000 

284 

1,795 

2,890,000 

155 

800 

1,300,000 

347 

20=30 

3.590.000 

502 

/ 3,030 

4,890,000 

6 6 5,/ 

;:jr'  6^83^ 

11,180,000 

1 j5lC 

jfj  11,755 

18,960,000 

j;  J;  21 

47 

75,800 

33 

80 

130.000 

54 

127 

205,800 

22 

56 

90,300 

268 

700 

1.130.000 

290 

756 

1,220,300 

17 

48 

77,400 

59 

246 

397,000 

76 

294 

474,400 

420 

1,177 

1,900,500 

Media  4--Groundwaterc 


Area  of  contaminated  aquifer 

beneath  and  downgradient  of 

Pond  1 180 

aFlow  ranges  from  28-112  cfs  (73  cfs  average).  Data  collected  from  March 
1985  to  August  1985. 

bFlow  ranges  from  3-87  cfs  (27  cfs  average).  Data  collected  from  December 
1984  to  August  1985. 

cExceedances  of  primary  maximum  contaminant  levels  for  arsenic  and  cadmium. 
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FIOUS  IN  WILLOW  CREEK  ANO 
SILVER  BOW  CREEK  INTERMINGLE. 


OPPORTUNITY  PONOS 


TAILINGS  ALONG  MILL-WILLOW  BYPASS. 

METALUC  SALTS  WICK  TO  THE  SURFACE 
AND  ARE  DISSOLVED  INTO  THE  BYPASS  CHANNEL 
DURING  SUMMER  THUNDERSTORMS  - - PROBABLE 
CAUSE  OF  FISH  KILLS  IN  THE  UPPER 
CLARK  FORK  RIVER 


EXPOSED  TAILINGS; 
SOURCE  FOR  AIRBORNE 
CONTAMINATION  AND 
DIRECT  CONTACT 


SEEPAGE  FROM  OPPORTUNITY 
PONDS  ENTERS  POND  3 


WARM 

SPRINGS 


FOR  TREATMENT 


WILLOW 


bypass 


UPPER  pH 
SHACK;  LIME 
ADDITION  TO 
FACILITATE  METALS 
PRECIPITATION 


EVAPORATION 


POND  3 


POND  2 


HIGH  FLOWS  IN  SILVER 
BOW  CREEK  DIVERTED 
UNTREATED  DIRECTLY 
INTO  MILL-WILLOW  BYPASS 


ACCUMULATED  LOW  - 

PERMEABILITY  SEDIMENTS 

IN  POND  BOTTOMS  EXHIBIT 

ELEVATED  METALS  CONCENTRATIONS.  TYP 


CLARK 

FORK 

RIVER 


POND  1 


MILL-WILLOW  BYPASS 


ACTS  AS  SINK  FOR 
COLLECTING  DEGRADED 
GROUNDWATER  EMANATING 
FROM  OPPORTUNITY  PONDS 
AND  WARM  SPRINGS  PONDS 


SAND  AND  GRAVEL  AQUIFER 


AQUITARD  (UNKNOWN  LATERAL  EXTENT) 


CONFINED 

GROUNDWATER 

SYSTEM 


SAND  AQUIFER 


CONTAMINATED  GROUNDWATER  EXITS 
POND  SYSTEM;  INTERCEPTED  BY 
CLARK  FORK  RIVER 
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FIGURE  ES-4 

CONCEPTUAL  MODEL  OF 
CONTAMINANT  MIGRATION  PATHWAYS 

WARM  SPRINGS  PONDS 
FEASIBILITY  STUDY 


entering  the  pond  system  and  from  biologically  mediated 
precipitation. 

The  exposed  (unsubmerged)  sediments,  tailings  deposits  and 
contaminated  soils  cover  an  area  of  approximately  634  acres 
within  the  Warm  Springs  Ponds  Operable  Unit.  Thicknesses  of 
these  deposits  range  from  less  than  1 inch  to  several  feet. 
The  submerged  sediments  in  Ponds  1,  2,  3,  and  the  wildlife 
ponds  cover  an  area  of  approximately  1,227  acres  and  range 
in  thickness  from  less  than  1 foot  to  over  20  feet 
(Table  ES-1) 

Surface  Water 

The  data  obtained  during  the  remedial  investigation  charac- 
terize the  surface  water  for  near-average  flow  rates.  Few 
data  are  available  to  characterize  the  surface  water  quality 
during  higher  flows  because  of  drier-than-normal  conditions 
in  the  area  experienced  during  the  remedial  investigation. 

No  opportunity  was  available  during  the  sampling  period  to 
collect  flow  and  contamination  data  during  one  of  the  high 
runoff  events  that  cause  inflows  to  be  diverted  around  the 
pond  system. 

Surface  water  samples  were  collected  at  25  sampling  points 
in  and  adjacent  to  the  Warm  Springs  Ponds  Operable  Unit 
during  Phase  I and  Phase  II  remedial  investigations.  The 
Phase  I remedial  investigation  showed  that  metals  are  being 
removed  from  the  Silver  Bow  Creek  flow  by  the  current  pond 
treatment  system.  Inflow  loads  of  total  copper  and  total 
zinc  were  reduced  by  over  90  percent  by  the  time  the  water 
left  the  pond  system  during  the  summer  months  and  by  50  to 
70  percent  during  winter  months.  Although  metals  concentra- 
tions are  reduced  in  the  pond  system,  Montana’s  chronic 
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ambient  water  quality  standards  for  copper,  lead,  and  zinc 
were  exceeded  throughout  the  operable  unit  including  the 
pond  system  and  the  water  leaving  the  pond  system.  Ambient 
standards  for  cadmium  to  protect  aquatic  life  and  for  iron 
to  protect  public  health  were  also  frequently  exceeded 
during  the  sampling  events.  Tables  2-8  through  2-11  give 
detailed  summaries  of  the  surface  water  quality  data 
obtained  in  the  remedial  investigation. 


Four  24-hour,  or  diurnal,  sampling  episodes  w§re  completed 
within  the  Warm  Springs  Ponds  system  during/fchb  Phase  II  re- 
medial investigation  to  gain  a better  understanding  of 
changes  in  water  quality  over  1-day  periods  and  on  a sea- 
sonal basis.  These  sampling  episodes  were,  completed  in  Sep- 
tember 1987  and  in  January,  April,  and 1 July  1988. 


Hourly  data  from  the  diurnal  s am^ ling::::  sthdie s have  been 

compiled. 2 


The  data  for  the  2 4 - hour^-s  amp  ling  ep  i s o d e s indicate  the  fol- 
lowing : \ 4 


pH  varied  by  up;  to  2.2  units  throughout  the  day  at 
all  stations  sampled . 


o Total  metals  concentrations  decreased  50  to 
90  percent  between  pond  system  inflow  and 
outflows . 


o Dissolved  metals  concentrations  for  copper  and 

zinc  were  generally  20  to  50  percent  higher  in  the 
winter  at  all  sampling  stations  in  the  pond  system. 


2 


Ibid. 
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Higher  dissolved  metals  concentrations  in  the 
winter  correlate  directly  with  lower  pH  values 
measured  during  winter  sampling  events. 

The  pond  system  reduced  metals  concentrations  at  the  out- 
flows from  the  system  during  the  four  diurnal  sampling 
events,  frequently  to  levels  below  both  chronic  and  acute 
aquatic  standards.  Figure  ES-5  shows  an  example  of  this 
phenomenon  recorded  during  one  of  the  diurnal  sampling 
events.  Removal  of  metals  in  the  ponds  is  accomplished  by 
physical,  biological,  and  chemical  processes.  Physical  re- 
duction of  metal-bearing  solids  occurs  through  sedimentation. 
Increases  in  pH  as  a result  of  photosynthesis  can  precipi- 
tate metals  as  a result  of  changing  metals  solubilities. 
Another  important  mechanism  may  be  precipitation  of  calcite 
and  coprecipitation  of  metals  and  phosphorus  as  a result  of 
photosynthetic  removal  of  carbon  dioxide  and  compensating 
shifts  in  the  bicarbonate  buffering  system. 3 Direct  up- 
take or  absorption  of  metals  by  algae  and  aquatic  macro- 
phytes is  also  probable.  Addition  of  lime  to  the  Silver  Bow 
Creek  inflow  during  the  winter  months  also  contributes  to 
precipitating  metal  contaminants  when  the  amount  of  sunlight 
to  support  photosynthesis  is  reduced. 

Several  fishkills  have  occurred  in  the  Mill-Willow  Bypass 
and  in  the  upper  Clark  Fork  River,  with  the  most  recent 
being  in  July  1989.  Analysis  of  fish  tissue  by  Montana 
Department  of  Fish,  Wildlife,  and  Parks  from  one  event  in 
the  summer  of  1986  revealed  acute  copper  poisoning  as  the 
cause  of  the  fish  mortality.  Although  MDFWP  did  not  deter- 
mine the  source  of  metals  responsible  for  the  killings,  that 
source  most  likely  consists  of  tailings  material  along  the 


Wetzel,  R.G.,  1975. 


Limnology . 


Philadelphia:  W.B.  Saunders  Company. 
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Mill-Willow  Bypass.  (See  Chapter  4 for  a detailed 
discussion  of  the  probable  cause  of  the  fishkills.) 

Groundwater 

Groundwater  quality  data  were  generated  through  sampling  of 
19  monitoring  wells  on  two  occasions  (January  and  May,  1988). 
Figure  ES-6  shows  the  locations  of  the  monitoring  wells  at 
the  site.  Table  ES-2  summarizes  groundwater  quality  data 
for  these  monitoring  wells. 

Groundwater  beneath  Ponds  2 and  3 may  be  contaminated  also. 
Wells  were  not  installed  to  determine  the  quality  of  the 
groundwater  beneath  those  two  ponds.  Given  the  hydrogeology 
of  the  site,  contaminated  groundwater  under  the  ponds  would 
flow  north  and  be  detected  at  the  northern  end  of  the  pond 
system. 

With  one  exception,  all  detected  exceedances  of  the  Montana 
primary  maximum  contaminant  levels  for  metals  (arsenic  and 
cadmium)  were  north  of  the  Pond  1 berm.  Groundwater  quality 
downgradient  of  Pond  1 is  generally  of  poorest  quality 
immediately  north  of  the  berm;  most  metal  contaminants 
decrease  to  the  north,  or  downgradient  of  the  pond  system. 
Concentrations  of  most  metals  also  decrease  with  depth. 

Highest  concentrations  of  metals  are  generally  associated 
with  the  shallow  sand  and  gravel  aquifer  in  the  area  immedi- 
ately below  the  Pond  1 berm. 

Calculations  of  groundwater  discharge  from  the  area  below 
Pond  1 into  the  Clark  Fork  River  indicate  that  the  ground- 
water  system  contributes  very  little  flow  to  the  river 
because  of  the  relatively  low  permeability  and  low  gradient 
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Table  ES-2 

GROUNDWATER  QUALITY  DATA  SUMMARY 
WARM  SPRINGS  PONDS  OPERABLE  UNIT 


Maximum 

Contaminant  Level 

Maximum  Minimum  Average  Number  (Montana  Ground- 

Parameter  Concent rat iona  Concentration5  Concentration5  of  Samples  water  Regulations 


Upgradient  Monitoring  Wells 


Arsenic 

6.8 

2.6 

4.3 

8 

50b 

Cadmium 

7.0 

<5.0 

3.4 

8 

10b 

Copper 

9.7 

6.1 

5.8 

8 

i,ooo£ 

Lead 

1.2 

<1.0 

0.84 

8 

50b 

Manganese 

22.0 

<3.0 

7.3 

8 

50c 

Zinc 

21.2 

4.7 

10.3 

7 

5 , 000c 

Iron 

28.0 

<15.0 

19 

8 

300c 

Sulfate  (mg/1) 

68.0 

23 

49 

8 

250c 

Mill-Willow  Bypass 

(Shallow  Wells) 

Arsenic 

41.0 

<2.0 

9.2 

10 

50b 

Cadmium 

11.7 

<5.0 

3.7 

10 

10b 

Copper 

15.0 

<6.0 

4.6 

10 

i,ooo£ 

Lead 

18.0 

<1.0 

2.5 

10 

50b 

Manganese 

14,500 

45 

4,755 

10 

50c 

Zinc 

1,250 

12.7 

265 

10 

5 , 000c 

Iron 

4,000 

25.0 

805 

10 

300° 

Sulfate  (mg/1) 

1,130 

60.0 

563 

10 

250c 

Mill-Willow  Bypass 

(Deep  Wells) 

Arsenic 

<2.0 

<2.0 

1.1 

8 

50b 

Cadmium 

5.2 

<5.0 

2.9 

8 

10b 

Copper 

7.1 

<6.0 

4.0 

8 

i,ooo£ 

Lead 

2.0 

<1.0 

1.1 

8 

50b 

Manganese 

8,550 

7.0 

2,121 

8 

50° 

Zinc 

38.0 

6.2 

22.2 

8 

5 , 000c 

Iron 

70 

<15 

33 

8 

300c 

Sulfate  (rag/1) 

1,060 

92.0 

494 

8 

250c 

Downgradient  of 

Pond  1 (Shallow  Wells) 

Arsenic 

197.0 

<2.0 

28.0 

14 

50b 

Cadmium 

12.7 

<5.0 

3.6 

14 

10b 

Copper 

15.9 

<6.0 

5.8 

14 

i,ooo<- 

Lead 

<2.0 

<1.0 

2.0 

14 

50b 

Manganese 

31,600 

309 

10,297 

14 

50c 

Zinc 

253 

16.3 

89.0 

14 

5 , 000c 

Iron 

80,900 

45 

16,220 

14 

300c 

Sulfate  (mg/1) 

1,620 

250 

950 

14 

250c 

Downgradient  of 

Pond  1 (Deep  Wells) 

Arsenic 

<3.0 

<2.0 

1.0 

13 

50b 

Cadmium 

8.4 

<5.0 

4.3 

13 

10b 

Copper 

<8.0 

<6.0 

3.5 

13 

l,000c 

Lead 

<2.0 

<1.0 

0.8 

13 

50b 

Manganese 

4,460 

3.0 

577 

13 

50c 

Zinc 

43 

6.2 

19.8 

13 

5 , 000c 

Iron 

409 

<15 

52 

13 

300c 

Sulfate  (mg/1) 

1,150 

55 

531 

13 

250c 

5 All  values  in  ug/1  unless  otherwise  noted. 
b Primary  standard  (based  on  health  criteria) . 
c Secondary  standard  (based  on  suitability  criteria) . 


Notes : 

1.  Upgradient  wells  include  WSP-GW-01,  06,  and  09  (Figure  2-8). 

2.  Shallow  wells  are  generally  less  than  15  feet  deep;  deep  wells  are  generally  25  to  40  feet  deep 

3.  Mill-Willow  shallow  wells  include  WSP-GW-07S , 08S,  15S,  16S,  and  17  (Figure  2-8). 

4.  Mill-Willow  deep  wells  include  WSP-GW-07D,  08D,  15D,  and  16D  (Figure  2-8). 

5.  Shallow  wells  downgradient  of  Pond  1 include  WSP-GW-02S,  03S,  05,  12S,  13S,  14S,  and  19S 
(Figure  2-8) . 

6.  Deep  wells  downgradient  of  Pond  1 include  WSP-GW-02D,  03D,  04,  12D,  13D,  14D,  and  19D 
(Figure  2-8). 

7.  Average  values  calculated  using  one -half  detection  limit,  when  applicable.  January  and  May 
1988  data. 

8.  Additional  maximum  contaminant  levels  are:  mercury  and  compounds:  2;  nitrate:  10,000;  selenium 
and  compounds:  10;  and  silver:  50. 
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of  the  shallow  aquifer.  Under  average  conditions,  the  flow 
in  the  Clark  Fork  River  is  approximately  137  cfs,  while  the 
groundwater  discharge  to  the  river  is  approximately  1.0  cfs. 

The  exceedances  of  the  maximum  contaminant  levels  for  arse- 
nic and  cadmium  in  the  groundwater  constitute  a violation  of 
the  drinking  water  standards  that  need  to  be  addressed. 


APPLICABLE  OR  RELEVANT  AND  APPROPRIATE  REQUIREMENTS. 

AND  THE  PUBLIC  HEALTH  AND  ENVIRONMENTAL  ASSESSMENT 

(Chapter  3) 

APPLICABLE  OR  RELEVANT  AND  APPROPRIATE  REQUIREMENTS  (ARARs) 

The  cornerstone  of  remedial  actions  undertaken  through  the 
Superfund  program  lies  in  the  satisfaction  of  state  and  fed- 
eral ARARs.  ARARs  are  the  basic  standards  by  which  all  as- 
pects of  contaminant  cleanup  are  measured.  Chapter  8 evalu- 
ates potential  compliance  of  the  remedial  alternatives  with 
federal  and  Montana  ARARs. 

ARARs  are  divided  into  three  categories:  chemical-specific, 
location-specific,  and  action-specific.  Chemical-specific 
ARARs  include  laws  and  regulations  that  set  human  health-  or 
environmentally-based  numerical  values  governing  materials 
having  certain  chemical  or  physical  characteristics.  These 
values  set  the  acceptable  concentrations  of  chemicals  that 
may  be  found  in,  or  released  to,  the  environment.  Location- 
specific  ARARs  restrict  contaminant  concentrations  or  clean- 
up activities  due  to  the  site’s  geographic  or  physical 
location.  Action-specific  ARARs  are  based  on  actions  taken 
during  contaminant  cleanup.  Action-specific  ARARs  do  not 
determine  remedial  alternatives;  they  indicate  how  the  se- 
lected remedy  must  be  achieved. 
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Chemical-Specific  ARARs 


The  most  significant  state  and  federal  chemical-specific 
ARARs  consist  of  standards  protecting  the  quality  of  surface 
and  groundwater  resources  for  human  health  and  environmental 
purposes.  Surface  water  ARARs  include  ambient  water  concen- 
tration limits  to  protect  both  aquatic  life  and  public 
health,  point  source  discharge  standards  for  discharges  from 
the  pond  system,  and  drinking  water  standards.  Groundwater 
ARARs  include  only  drinking  water  standards . The 
contaminants  of  concern  at  the  site  are  arsenic,  cadmium, 
copper,  iron,  lead,  silver,  selenium,  mercury,  aluminum,  and 
zinc . 

Location-Specific  ARARs 

Because  the  operable  unit  is  located  in  the  100-year  flood- 
plain  of  local  streams,  the  most  significant  location- 
specific  ARARs  regard  land  uses  of  the  floodplain  and  con- 
struction in  the  floodplain.  Other  important  location- 
specific  ARARs  include  cleanup  activity  restrictions  to  pro- 
tect and  minimize  impacts  to  heritage  properties  (the  onsite 
ponds  and  an  arched  concrete  bridge) , a pair  of  bald  eagles 
that  have  nested  within  the  operable  unit  boundary,  and  wet- 
lands . 

Action-Specific  ARARs 

Action-specific  ARARs  pertinent  to  the  Warm  Springs  Ponds 
Operable  Unit  include  regulations  concerning  dam  safety  in 
event  of  floods  and  earthquakes,  hazardous  waste  management, 
land  reclamation  for  mining  areas,  and  dredge  or  fill 
activities  during  site  remediation. 
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Dam  safety  regulations  address  berm  design  and  modification 
for  the  existing  treatment  system  and  for  a proposed  flood 
impoundment  and  sedimentation  basin  (see  Chapter  7).  Hazard- 
ous waste  management  ARARs  include  requirements  for  contami- 
nant treatment,  storage,  and  disposal.  In  particular,  RCRA 
groundwater  monitoring,  closure,  capping,  and  post-closure 
monitoring  and  maintenance  may  be  required.  Reclamation 
ARARs  require  proper  grading,  backfilling,  subsidence 
stabilization,  water  control,  topsoiling,  revegetation  and 
other  measures  needed  in  surface  mining  areas  to  eliminate 
damage  from  soil  erosion,  subsidence,  landslides,  water 
pollution,  and  hazards  dangerous  to  life  and  property. 
Remedial  actions  that  involve  dredging  local  waterways  or 
placing  fill  material  in  wetland  areas  will  need  to  comply 
with  requirements  of  Section  404  of  the  Clean  Water  Act, 
which  ensure  that  dredging  and  filling  activities  will  not 
have  unacceptable  adverse  effects  on  wetlands,  municipal 
water  supplies,  fishery  areas,  wildlife,  or  recreational 
areas  in  or  affecting  the  waters  of  the  U.S. 

PUBLIC  HEALTH  AND  ENVIRONMENTAL  ASSESSMENT  (PHEA) 

The  PHEA  was  conducted  to  determine  the  potential  threat  to 
human  health  and  the  environment  posed  by  the  operable  unit 
in  the  absence  of  any  remedial  action.  The  no-action  alter- 
native assessed  in  the  PHEA  assumes  the  continuation  of  cur- 
rent site  operations  and  conditions.  The  human  health  risk 
characterization  of  the  site  includes  potential  carcinogenic 
and  noncarcinogenic  health  effects. 

Health  Risks 

The  contaminants  of  concern  are  metals  or  inorganic  metal 
compounds.  Potential  human  health  risks  from  site  metals 
were  derived  by  standard  Superfund  protocol  using 
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residential,  occupational,  and  recreational  exposure 
scenarios  involving  contaminated  media  (soils,  sediments, 
water)  and  contamination  within  the  food  chain  (waterfowl 
and  fish) . The  PHEA  exposure  scenarios  defined  the  amounts 
of  contaminated  media  that  could  be  consumed,  inhaled,  or 
absorbed  by  quantifying  each  potential  receptor /media/ 
exposure  pathway  combination  for  the  site  (Table  ES-3). 
Important  considerations  in  assembling  an  exposure  scenario 
include  exposure  durations  (days,  months,  years),  exposure 
frequency  (daily,  weekly,  etc.),  age/weight  of  exposed 
persons,  and  environmental  factors  that  can;!  affect  exposure 
(snow/rain  can  prevent  dust  generation,  etc-O'%  The 
scenarios  assessed  consider  current  s i t% bond it ions  and  take 
into  account  potential  future  site  developments  ^additional 
recreational  use,  new  residential  a ire  a s * etc.)  . 

The  maximum  potential  excess  1 if  et  ime- c a ire  ino  genic  risks 
based  on  arsenic  for  all  site  media  uiider  the  current 
recreational  scenario  is  8 x 10“%  % The  maximum  potential 
excess  lifetime  care inogenic  ;:ri eks^  f o r all  site  media  under 
the  current  occupationalSscenarib  is  2 x 10“%  The  maximum 
excess  lifetime  potential  carcinogenic  risk  for  all  site 
media  under  the:,  future  residential  scenario  is  2 x 10“%  No 
potential  human  health  threat  was  identified  from  exposure 
to  constituents  with:  noncarcinogenic  effects  for  the  current 
recreational  or  the  current  occupational  scenarios. 

Under  the  current  residential  scenario,  potential 
carcinogenic  risks  were  identified  only  for  the  inhalation 
and  ingestion  of  contaminated  dust.  At  the  town  of  Warm 
Springs,  the  calculated  excess  lifetime  cancer  risk  for  dust 
inhalation  or  ingestion  ranged  from  1 x 10“6  to  1 x 10“% 

At  residences  east  of  the  operable  unit,  excess  lifetime 
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Table  ES-3 

SUMMARY  OF  POTENTIAL  "CLEANUP*  GOALS 
(MOST  PROBABLE  INTAKES  THROUGH  ALL  EXPOSURE  SCENARIOS) 


Scenario 


Average  Soil  Concentration 
to  Achieve  a Target 
Cancer  Risk  Level  of: 
(mg/ kg) 

1 x 10~7  1 x 10~6  1 x 10~5 

Cd  As  Cd  As  Cd  As 


Soil  Concentration 
to  Achieve  the 
CD1  = AICa 
(maximum  plausible 
intake  rates) 

1 x 10~4 

Cd  As  Mn  Cu  Zn 


Current  Recreational 


Ingestion 

Pond  2 Bottom  Sediments 
Pond  2 Exposed  Sediments 


19 

9.5 


190 

95 


Current  Occupational 


Ingestion 

Pond  2 Exposed  Sediments 


1 . 7*c 


17 


,jCL7€  X X700 


Inhalation 

All  Exposed  Sediments 


5 , 600c  254c 


Current  Downwind  Residential 


Inhalation  (all  source  areas) 
Warm  Springs 
Eastside  Residences 


88c 

88c 


38c  880^  380* 

38c  880% 


Ingestion  Through  Inhalation 
Warm  Springs 
Eastside  Residences 


228* 

228* 


Potential  Future  Onsite  Residential 


Ingestion 

Pond  1 Exposed  Sediments 


0(4  ’ 


1* 


10 


100  4,800 


ef 


900fc 


5 , 000' 


Inhalation 

All  Sources  Areas  w/in  the  PoridA  88c 


38e 


a Daily  Intake  = Acceptable  Intake.  Chronic  (mg /kg  in  soil) 

“ An  asterisk  (*)  by  the  value  indicates  it  is  less  than  concentrations  in  other  areas  of  the  state  (see 
Table  7 of  the  Technical  Memorandum  "Risk  Based  Potential  Soil,  Cleanup  Levels"). 

These  two  must  be  added  together  to  obtain  a 10“^  cancer  risk. 

a These  two  must  be  added  together  to  obtain  a 1C6  cancer  risk. 

a "Cleanup"  concentration  for  a child  (1  to  4 years  old). 

* Manganese  "cleanup"  concentration  for  an  older  child  (5  to  11  years  old)  is  35,000  mg/1. 
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cancer  risks  due  to  dust  inhalation  or  ingestion  range  from 
zero  to  9 x 10“6.  No  potential  human  health  threat  was 
identified  from  exposure  to  noncarcinogenic  contaminants  for 
the  current  residential  scenario. 

Environmental  Risks 

Under  current  conditions,  the  average  concentrations  of  sev- 
eral site  inorganic  contaminants  in  surface  water  exceed 
Montana  standards  for  the  protection  of  aquatic  life.  The 
chronic  toxic  effects  of  site  contaminants  may  be  expressed 
in  local  fish  and  wildlife  populations  through,  reduced 
growth  rates,  reduced  fertility,  and  increased  mortality. 

A principal  environmental  impact  associated  withythe  oper- 
able unit  is  the  periodic  fishkills "in  -the  Clark  Fork  River, 
which  are  believed  to  result  from,  the  Solubilization  of 
metal  salts  from  tailings  in  t he ; Mil 1^  Wi 11 ow  Bypass  during 
summer  rainfall  events.  Current  effects  on  other  local  wild 
life  populations  are  unknown.! 


Future  adverse  env ir onmeht a 1 effects  without  remediation  are 
expected  to  be  similar  to  bufrent  conditions . Periodic  fish 
kills  can  be  expected  tp  recur  and  chronic  contaminant 
effects  ( reduced  'growth*./ fertility,  etc.)  may  be  expressed 
in  fish  and/or  wildlife  populations.  The  potential  also 
exists  for  a catastrophic  event  (flood,  earthquake)  where 
the  pond  system  berms  could  be  breached,  releasing  site  con- 
taminants that  could  adversely  affect  aquatic  resources 
(fish  and  wildlife  populations,  aquatic  habitat)  for  miles 
downstream. 
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PROBLEM  DEFINITION 
(Chapter  4) 


SITE  PROBLEMS 


Eight  environmental  and  human  health  concerns  have  been  iden 
tified  for  which  the  feasibility  study  develops  site  objec- 
tives and  remedial  action  alternatives.  The  eight  problems 
are  based  on  the  results  of  the  remedial  investigations,  ap- 
plicable or  relevant  and  appropriate  requirements  (ARARs), 
and  the  public  health  and  environmental  assesstnent.  Chap- 
ter 4 describes  each  of  the  problems  and  discusses  the  rela- 
tionship between  the  problems  at  the  Warm  Springs  Ponds  Oper 
able  Unit  and  those  existing  within  the  remainder  of  the 
Silver  Bow  Creek  Site. 


The  eight  human  health  and  environmental  problems  are  de- 
scribed in  terms  of  four  media: \p end  b o 1 1 om  sediments,  sur- 
face water,  tailings  deposits!;  and  contaminated  soils,  and 
groundwater.  The  media  are  discussed  below  in  terms  of  the 
problems  identified  with  each. 


Media  1 — Pond  Bottom  Sediments 


Pond  Stability--Floods . Montana  Department  of  Natural 
Resources  and  Conservation  (DNRC)  dam  safety  rules  control 
the  minimum  level  of  flood  protection  for  the  design  of  dams 
within  the  State  of  Montana.  The  Warm  Springs  Ponds  are 
classified  as  high  hazard  dams  for  which  the  dam  safety 
rules  require  the  ponds’  outlet  structures  to  pass  the  fol- 
lowing fractions  of  a probable  maximum  flood  (PMF) : 0.2  PMF 

for  Pond  1,  0.3  PMF  for  Pond  2,  and  0.5  PMF  for  Pond  3.  The 
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pond  berms,  as  currently  constructed,  would  likely  be  dam- 
aged during  these  design  floods.  Hence,  the  pond  system 
requires  modification  to  meet  the  dam  safety  rules. 


Pond  Stability — Earthquakes.  The  Warm  Springs  Ponds  are 
located  within  the  northern  section  of  the  Intermountain 
Seismic  Belt,  which  is  a zone  of  major  earthquake  activity 
within  the  North  American  tectonic  plate. ^ At  least 
230  earthquakes  with  magnitudes  greater  than  4.0  have  oc- 
curred at  epicenters  within  187  miles  of  the  Warm  Springs- 
Butte  area  during  the  last  107  years  of  recorded  earth- 
quake s . ^ 


The  ground  shaking  during  an  earthquake  can  cause  berms  that 
are  not  adequately  designed  and  constructed  to  flow  like  a 
liquid,  slumping  and  releasing  the  water %and  semisolids  be- 
hind them.  Earthquakes  can  also1  cause  sloshing  of  the  water 
in  a pond,  creating  waves  that  overflow  or  erode  berms,  caus 
ing  berm  failure.  A review  .of  the  \limited  information  avail 
able  on  the  construct Jbrik  o £/ the  -Warm  Springs  Ponds  berms 
shows  that  they  are,  not  strong  enough  to  withstand  even  a 
moderate  earthquake T'% 


The  Montana  dam  Safety  rules  require  that  if  a dam  is  in  a 
region  subject  to  earthquakes , the  dam  must  be  designed  to 
withstand  the  most  severe  earthquake  that  can  be  reasonably 
anticipated.  This  design  earthquake  is  known  as  the  maximum 
credible  earthquake  (MCE) . 


^ International  Engineering  Company  (IECO),  1981.  Geotechnical  and  Hydrologic 
Studies.  Warm  Springs  Tailings  Ponds.  Anaconda.  Montana.  Prepared  for  Anaconda  Copper 
Company,  Denver,  Colorado. 

5 Ibid. 
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A review  of  available  information  regarding  the  embankment 
materials  confirms  that  the  east-west  and  north-south  berms 
are  likely  to  fail  in  a moderate-to-severe  earthquake;  the 
likelihood  of  failure  appears  to  be  greater  than  previously 
reported.  This  was  determined  by  a preliminary  stability 
evaluation  performed  for  this  study,  which  indicated  that 
the  downstream  slopes  of  the  berms  have  potential  to  fail  at 
accelerations  from  0.05  to  0.07  g (g  is  the  standard  symbol 
for  the  acceleration  of  gravity).  For  comparison,  in  1981, 
IECO  determined  that  the  acceleration  at  Warm  Springs  Ponds 
during  a maximum  credible  earthquake  could  be/hs  high  as 
0.23  g.  These  preliminary  conclusions  will: haye  to  be 
further  investigated  and  confirmed  during  the  .remedial 
design  phase. 

Failure  of  the  upstream  slopes  ^(f  aces the  berms  was  not 
examined  in  this  study  because -in forma t i on  on  the  materials 
and  construction  of  the  upstream  slopes:  was  not  available. 
During  the  remedial  design  investigation,  the  potential  for 
upstream  slope  f a i lur e:  a 1 s q- wi  1 !k  have  to  be  investigated. 

Failure  of  the  be  ms  in  an  earthquake  could  result  in  at 
least  partial  release  of  the  contents  of  the  ponds . The  slu- 
dges and  tailingS\ in  the.  ponds  are  sufficiently  liquid  that 
they  could  migrate  a:  considerable  distance  if  released  from 
the  ponds.  Although  it  has  not  been  determined  that  the 
tailings  in  Warm  Springs  Ponds  could  also  experience  sponta- 
neous liquefaction,  this  is  a process  that  has  been  observed 
in  seismically  induced  failures  of  other  tailings  ponds.  If 
this  process  did  occur,  the  tailings  and  sludges  could  flow 
for  miles,  contaminating  a large  area  downstream  of  the 
ponds . 
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Media  2 — Surface  Water 


Fishkills  in  The  Mill-Willow  Bypass.  There  have  been 
five  documented  fishkills  associated  with  the  Mill-Willow 
Bypass  since  1983.  They  occurred  on  August  9,  1983;  Aug- 
ust 2,  1984;  July  3,  1987;  May  27,  1988;  and  July  13,  1989, 
and  are  documented  in  Montana  Department  of  Fish,  Wildlife, 
and  Parks  memoranda  for  these  years.  Data  are  not  yet 
available  on  the  previously  mentioned  fishkill  that  occurred 
in  July  1989. 


All  five  fishkills  followed  a similar  pattern^  They  were 
associated  with  locally  intense  thunders;bbrmsi;:dh::,the  Warm 
Springs  Ponds  area,  usually  after  extended  dry  periods . The 
fishkills  started  in  the  Mill-Willow  Bypass  and  extended 
down  the  Clark  Fork  River  for  various "distances . In  the 
1984  event,  over  a thousand  d e ad1'  fish-  we  re  observed  in  a 15- 
to  20-mile  stretch  of  the  Clark iFork  River . In  July  1989, 
over  5,000  dead  fish  were  reported!  The  fishkills  have  been 
linked  to  high  concentr at ions:  o f.:  copper  in  the  water;  zinc 
concentrations  and  low  pH  levels"  may  also  be  factors  in  fish 
mortality.  % 


The  available  data  indicate  rapid  elevation  and  dissipation 
of  the  metals  concentrations  during  storm  events,  which  im- 
plies that  they  are  derived  from  a readily  available  source 
of  highly  soluble  compounds,  i.e.,  metal  salts.  A source  of 
such  salts  has  been  identified  along  the  Mill-Willow  Bypass. 
During  extended  dry  periods,  salts  of  copper  and  zinc  form 
by  surface  oxidation  and/or  the  evaporation  of  soil  moisture 
on  the  tailings  deposits  that  exist  along  the  bypass.  There 
are  approximately  21  acres  of  tailings  deposits  along  the 
bypass.  The  copper  salts  are  clearly  visible  on  the 
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tailings  deposits  during  warmer  months  as  green-  and  blue- 
colored  surface  deposits. 


The  postulated  mechanism  for  the  fishkills  is  that  the  rain 
water  dissolves  the  metal  salts  and  washes  them  into  the  by- 
pass, resulting  in  metal  concentrations  high  enough  to  cause 
mortality.  Elevated  levels  of  metals  detected  in  the  gills 
of  dead  fish  suggest  that  the  fish  died  from  acute  exposure 
to  metal  contaminants. 


While  transient  phenomena  such  as  the  observed  fishkills  are 
difficult  to  study  and  even  more  difficult  : to  model,  the  evi- 
dence available  at  this  time  points  to  the  visible  salts  on 
the  tailings  deposits  as  the  primary  cause  of  the  fishkills. 


Metal  Loads  in  the  Stream  Flowsv^,  Silver  -Bow  Creek,  Mill 
Creek,  and  Willow  Creek  are  all  Contaminated  with  detectable 
levels  of  heavy  metals,  mostly  copper , -arsenic , lead,  and 
zinc.  (Tables  2-8  through  h£-l 1 ip ^Chapter  2 summarize  the 
surface  water  quality  Lat  :tha  ,;site including  all  of  the 
metals  detected.)  For  example , :in  the  Phase  I remedial 
investigation,  on  the  aver agh,  the  inflow  to  the  ponds,  the 
discharge  from  Pond  2,  and  the  combined  flows  of  Mill  and 
Willow  Creeks  exceeded  Montana ’ s chronic  water  quality 
standard  for  copper1  during  the  Phase  I remedial 


investigation.  The  standard  was  exceeded  in  100,  70,  and 
60  percent  of  the  samples  for  those  three  sampling  points, 
respectively. 


The  Mill-Willow  Bypass  was  constructed  to  route  the 
comparatively  cleaner  Mill  and  Willow  Creek  flows  around  the 
ponds  and  to  the  Clark  Fork  River  without  mixing  with  the 
comparatively  more  contaminated  Silver  Bow  Creek  flow.  How- 
ever, recent  data  indicate  that,  although  Mill  and  Willow 
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Creeks  are  cleaner  than  Silver  Bow  Creek,  they  still  contrib- 
ute a portion  of  the  total  amount  of  metals  reaching  the 
operable  unit  (arsenic--34  percent,  copper--6  percent, 
cadmium--3  percent,  lead--3  percent,  zinc--4  percent). 


The  pond  system  treats  the  Silver  Bow  Creek  flow  by  two 
processes:  1)  settling  out  suspended  solids,  such  as 

tailings,  and  2)  precipitating  dissolved  metals.  Thus, 
metal  contaminants,  whether  suspended  or  dissolved,  are 
removed  to  some  degree  by  the  pond  system. 


Physical  settling  of  suspended  solids  occurs  simply  because 
the  flow  velocities  in  the  ponds  are  vety1  low  ^compared  to 
the  velocities  in  the  creek  channel The, ^removal  of 
dissolved  metals  occurs  in  part  because^ of 
photo synthetic ally- induced  chemical  precipitation,  and 
uptake  of  metals  by  and  sub s e queht,:, s ett ling  of  biota  and 
aquatic  plants.  The  e f f e c t ivenes S; " of  :::the  ponds  is  enhanced 
by  the  addition  of  lime,: tp: -precipitate  metals  during  colder 
months  when  the  amount,  d-f  light  -availab le  for  photosynthesis 
and  biological  activity  Is  ^diminished . 


Without  the  treatment  in  the  pond  system,  the  Montana 
chronic  water  quality  standards  for  the  protection  of  aqua- 
tic life  would  be  regularly  exceeded  just  upstream  of  the 
beginning  of  the  Clark  Fork  River.  For  example,  available 
information  indicates  the  standard  for  copper  (12  ug/1  for  a 
calcium  carbonate  hardness  of  100  mg/1),  would  be  exceeded 
more  than  75  percent  of  the  time.  Even  though  the  pond  sys- 
tem currently  treats  the  Silver  Bow  Creek  flow  (Mill  and 
Willow  Creeks  receive  no  treatment),  the  water  quality 
standards  for  several  contaminants  are  still  frequently 
exceeded.  The  dissolved  metals  in  the  three  creeks  ulti- 
mately contribute  to  the  chronic  exposure  of  downstream 
fish. 
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Tailings  in  the  Hill-Willow  Bypass.  The  total  amount  of 
identifiable  surficial  tailings  in  the  bypass  has  been 
estimated  at  79,000  cubic  yards.  This  includes  76,000  cubic 
yards  of  exposed  tailings  deposits  and  3,000  cubic  yards  of 
tailings  with  vegetation  cover. 

These  tailings  can  be  eroded  and  transported  out  of  the 
bypass  to  the  Clark  Fork  River  with  higher  flow  events  such 
as  bank-full  conditions  transporting  larger  volumes  of 
sediments.  Once  deposited  in  and  along  the  banks  of  the 
Clark  Fork  River,  they  contribute  to  the  contamination  that 
already  exists  there  and  thus  can  contribute  tp  adverse 
effects  to  fish. 

Transport  of  Upstream  Tailings  to  the  Clark  Fork  River. 

The  Warm  Springs  Ponds  are  27  rivet  miles,  from  Butte,  where 
most  of  the  mining-related  activities-  occurred  that  led  to 
the  contamination.  Silver  Bow  §reek  is  contaminated  along 
much  of  those  27  miles,  with  several  large  deposits  of  tail- 
ings interspersed  with  many  smaller  deposits  (See  Fig- 
ure ES-3).  There  are,  also  much smaller  deposits  of  tailings 
along  Mill  and  Willow  Creeks  b 

Altogether,  some  3 million  cubic  yards  of  streamside 
tailings  can  be  estimated  to  exist  upstream  of  the  Warm 
Springs  Ponds. 6 These  tailings  are  eroded  by  the  flows 
in  the  creeks;  high  flows  especially  can  erode  and  move 
large  quantities  of  these  tailings.  A recent  flood  study 
estimated  that  a 100-year  flood  on  Silver  Bow  Creek  would 


6 Hydrome Cries , 1983.  Summit  and  Deer  Lodge  Valievs  Long-Term  Environmental  Rehabilit- 
ation Study.  Butte -Anaconda.  Montana.  Volume  VII,  Warm  Springs  Ponds.  Prepared  for  the 
Anaconda  Minerals  Company,  Butte,  Montana. 
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deliver  100,000  cubic  yards  (one  football  field  47  feet 
deep)  of  sediments  to  the  Warm  Springs  Ponds. 7 These 
sediments  would  consist  of  both  natural  sediments  and 
tailings.  Because  they  could  be  carried  by  high  flows  that 
could  not  be  routed  through  the  ponds,  the  majority  of  the 
eroded  tailings  could  be  routed  around  the  pond  system  and 
carried  by  the  rapid  flow  through  the  area  to  the  Clark  Fork 
River. 


Small  scale  movements  of  tailings  in  Silver  Bow  Creek  (less 
than  2-year  storm  events)  are  primarily  settled  out  in  the 
pond  system.  However,  tailings  moving  do^m .Mill  and  Willow 
Creeks  currently  flow  past  the  pond  system  into  "the  Mill- 
Willow  Bypass  and  on  into  the  C lark River.  \:/‘ 
Calculations  indicate  that  without  modification  Pond  3 can 
accept  flows  up  to  600  cfs  without  causing  scour  of 
sediments  near  the  discharge  structures . % Scour ing  could 
result  in  higher  concentrations  Wfi^tnetals  leaving  Pond  3 
than  entering  it.  Such:  Scouring  lis  likely  in  Pond  2 at  even 
lower  flow  rates  due  tp  %t s y:e r^:; : sha  1 low  depth  and  much 
lower  effective  vo l.ume . X 

A flow  of  600  cf ^.equates  to  about  a 2-year  storm.  Thus, 
any  floods  above  a 2-year  storm  have  to  be  routed  around  the 
pond  system.  Because  of  this,  much  of  the  3 million  cubic 
yards  of  tailings  upstream  of  the  Warm  Springs  Ponds  can  be 
expected  eventually  to  reach  the  Clark  Fork  River  as  they 
are  eroded  by  high  flow  events.  The  transport  of  these 
tailings  to  the  Clark  Fork  River  will  contribute  to  the 
tailings  contamination  that  already  exists  in  the  river. 


7 CH2M  HILL,  1988.  Sliver  Bow  Creek  Flood  Modeling  Study.  Prepared  for  State  of 
Montana  Department  of  Health  and  Environmental  Sciences,  Helena,  Montana. 
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Media  3 — Tailings  Deposits  and  Contaminated  Soils 

Figure  ES-1  shows  the  areas  of  tailings  deposits  around  the 
pond  system.  In  addition  to  these  areas,  there  are  soils 
that  contain  varying  percentages  of  tailings  or  that  are 
otherwise  metal  contaminated  and  areas  of  pond  bottom  sedi- 
ments that  were  historically  submerged  in  Ponds  1 and  2,  but 
which  are  now  exposed.  The  total  area  of  tailings  deposits 
and  contaminated  soils,  as  described  in  Chapter  2,  is  esti- 
mated to  be  approximately  420  acres  with  a corresponding 
volume  of  1.9  million  cubic  yards.  (See  Table  ES-1.) 

The  primary  pathways  identified  for  potential  human  exposure 
to  these  contaminants  are  direct  (skin)  contact,  inhalation 
of  dust  from  the  surface,  and  incidental  ingestion  of  con- 
taminated media  (soil  and  sediment). 

Media  4 — Groundwater 

Exceedances  of  primary  maximum  contaminant  levels  for  cad- 
mium and  arsenic  were  detected  in  one  well  located  within 
Pond  1 and  in  several  wells  downgradient  of  Pond  1.  The 
affected  wells  downgradient  of  Pond  1 are  completed  in  the 
shallow  sand  and  gravel  aquifer. 

The  known  area  of  primary  maximum  contaminant  level  exceed- 
ances in  groundwater  caused  by  the  pond  system  is  in  and 
below  Pond  1 and  is  estimated  to  cover  180  acres  (see  Fig- 
ure 2-18) . There  are  likely  two  primary  reasons  why  the 
area  of  contamination  is  not  more  extensive.  Most 
significantly,  the  pond  bottom  sediments  (tailings  and 
sludges)  form  a low  permeability  layer  on  the  bottoms  of  the 
ponds,  particularly  in  Ponds  2 and  3.  Thus,  the 
contaminated  water  in  the  ponds  and  in  the  sediments  does 
not  leak  out  and  contaminate  the  groundwater  to  the  degree 
that  it  otherwise  would.  Additionally,  upward  gradients  in 
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the  aquifer  north  of  Pond  1,  and  the  interception  of  the 
groundwater  in  that  area  by  the  Clark  Fork  River,  have  kept 
the  groundwater  contamination  in  the  area  of  the  ponds  from 
spreading  very  far  north. 

The  exceedances  of  the  primary  maximum  contaminant  levels 
are  addressed  in  this  feasibility  study. 

INTERACTIONS  BETWEEN  HUMAN  HEALTH  AND  ENVIRONMENTAL  PROB- 
LEMS 


In  addition  to  describing  the  eight  human  health  and  environ 
mental  problems,  Chapter  4 also  discus s%$:  the \r dla t ionship s 
between  those  problems  and  the  remainder  of  the  ^Silver  Bow 
Creek  Site  upstream  of  the  Warm  Springs  "Ponds . The  most  sig 
nificant  point  made  is  that  the -upstream ^areas  are  the 
source  of  the  very  large  volume  of contaminated  water  flow- 
ing into  and  through  the  ope r ab le:\:unlt:i^:  The  ponds,  while 
not  currently  capable  of  providing \tot ally  adequate 
treatment  of  the  contaminated,, flows  in  Mill,  Willow,  and 
Silver  Bow  Creeks , are  nonetheless  an  important  treatment 
system.  They  provide  ; significant  protection  of  the  Clark 
Fork  River  from  the  continuous  flow  of  contamination  coming 
from  upstream  arlas\ 

The  levels  of  contamination  in  Mill,  Willow,  and  Silver  Bow 
Creeks  will  likely  be  reduced  by  future  cleanup  actions 
taken  upstream  of  the  Warm  Springs  Ponds.  But,  until  that 
time,  the  pond  system  will  be  needed  to  treat  the  flows  and 
thereby  improve  the  water  quality  in  the  three  creeks.  This 
is  an  important  factor  in  determining  the  types  of 
alternatives  that  can  be  developed  for  the  Warm  Springs 
Ponds  Operable  Unit.  Alternatives  that  would  eliminate  or 
substantially  alter  the  existing  pond  treatment  would  have 
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to  include  alternative  treatment  capacity  for  the 
contaminated  surface  water  if  an  equivalent  level  of  aquatic 
protection  is  desired. 


IDENTIFYING  REMEDIAL  OBJECTIVES  AND 
GENERAL  RESPONSE  ACTIONS 
(Chapter  5) 

REMEDIAL  ACTION  OBJECTIVES 

Remedial  action  objectives  are  site  cleanup  goals,  designed 
to  address  the  site  problems  identified  in  Chapter  4. 

ARARs,  when  available  and  adequately  protective,  should  form 
the  basis  of  the  site  objectives.  When  ARARs  are  not  avail- 
able (as  for  human  exposure  to  contaminated  soil  at  the  Warm 
Springs  Ponds  Operable  Unit) , then  site-specific  human 
health  and  environmental  protectiveness  standards, 
identified  through  the  public  health  and  environmental  as- 
sessment process,  form  the  basis  of  the  remedial  action 
obj  ectives . 

Based  on  the  identified  problems,  the  results  of  the  Public 
Health  and  Environmental  Assessment,  and  the  analysis  of 
ARARs,  a list  of  remedial  action  objectives  has  been  estab- 
lished for  the  Warm  Springs  Ponds  Operable  Unit.  They  are 
listed  in  Table  ES-4. 

GENERAL  RESPONSE  ACTIONS 

Having  identified  remedial  action  objectives,  the  next  step 
is  to  identify  general  response  actions,  or  cleanup  tech- 
niques, that  could  satisfy  the  remedial  action  objectives 
for  each  medium  of  interest. 
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Table  ES-4 

RELATIONSHIP  OF  SITE  PROBLEMS  TO  REMEDIAL  ACTION  OBJECTIVES 


Problems Obi  ectives 

Pond  Bottom  Sediments 

Pond  integrity-floods . Prevent  the  release  of  the 

pond  sediments  from  design 

Pond  integrity— earthquakes . floods  and  earthquakes 

Surface  Water 


Fishkills 

Metal  loads  in  the  flows  of  Mill, 
Willow,  and  Silver  Bow  Creeks 


Erosion  of  tailings  in  the  Mill- 
Willow  Bypass  into  the  Clark  Fork 
River  % \ 

Transport  of  tailings  from:  upstream 
reaches  of  Silver  Bow  Creek  to  the 
Clark  Fork  River  during  floods  and 
other  high  flow  events 


Meet  ambient:  water  quality 
standards  for  aquatic  life  at 
the  identified  compliance 
point  \ 

Prevent  ingestion  above 
•if  maximum  contaminant  levels 
\.arid  established  reference 
doses  for  copper,  iron, 
z iric- , and  cadmium.  Also 
prevent  ingestion  of  water 
.containing  arsenic  in  con- 
centrations  that  would  cause 
an  excess  cancer  risk  greater 
than  10-^  to  10“^ 

Reduce  the  potential  for 
tailings  in  the  Mill-Willow 
Bypass  to  reach  the  Clark  Fork 
River 

Reduce  the  potential  for 
tailings  in  upstream  areas 
of  Silver  Bow  Creek  to 
reach  the  Clark  Fork  River 


Tailings  Deposits  and  Contaminated  Soils 

Human  and  environmental  exposure  to 
surface  contamination 


Groundwater 


Contaminated  groundwater  in  the 
Pond  1 area 


Reduce  the  potential  for 
human  exposure  to  exposed 
tailings  and  other  surface 
contamination  to  satisfy 
acceptable  intake  criteria 


Reduce  the  metals  contamina- 
tion in  the  groundwater  down- 
gradient  of  the  ponds  to  ach- 
ieve compliance  with  maximum 
contaminant  levels 
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For  the  seven  remedial  action  objectives,  Table  ES-5  identi- 
fies the  general  response  actions  possible  for  the  types  of 
problems  existing  at  Warm  Springs  Ponds. 

AREAS  AND  VOLUMES  OF  CONTAMINATED  MEDIA 

Table  ES-1  shows  the  total  areas  and  volumes  of  contaminated 
media  to  which  the  general  response  actions  might  be 
applied . 


IDENTIFYING  A RANGE  OF  MEDIA-SPECIFIC  ACTIONS 

(Chapter  6) 

REMEDIAL  TECHNOLOGIES  AND  PROCESS  OPTIONS 

The  building  blocks  for  conducting  site  cleanup  are  the  reme 
dial  technologies  and  process  options.  Remedial  technolo- 
gies are  methods  for  handling  specific  site  problems, 
and  include  such  methods  as  chemical  treatment,  capping, 
dewatering,  and  excavation.  Remedial  technologies  are  more 
specific  than  the  general  response  actions  (e.g., 
containment,  treatment,  and  removal)  identified  in  Chapter  5 
In  turn,  process  options  are  more  specific  than  remedial 
technologies  and  describe  various  processes  within  a 
particular  remedial  technology;  for  example,  capping  (a 
remedial  technology)  could  be  done  by  using  a native  soil 
cap  or  a clay  cap  (process  options) . 

The  feasibility  study  identifies  an  extensive  list  of  reme- 
dial technologies  and  process  options.  The  technologies  and 
process  options  then  are  initially  screened  to  eliminate 
those  that  are  unrelated  to  the  problems  at  the  site  or  that 
are  technically  infeasible  for  use  at  the  site. 
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The  standard  terminology  for  the  general  response  actions  is  given  in  parentheses. 

The  general  response  actions  listed  would  upgrade  the  current  containment  of  the  tailings  and  sediments.  Therefore,  they  an 
assigned  the  designation  "Containment." 

This  general  response  action  assumes  that  the  flood  would  be  allowed  to  flow  through  the  ponds.  The  preceding  three  general 
response  actions  assume  that  the  flood  would  be  diverted  around  the  ponds. 
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MEDIA--Tailings  Deposits 
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The  feasibility  study  next  includes  a second  evaluation  and 
screening  of  process  options  for  each  remedial  technology 
retained  in  the  initial  screening.  In  screening  technolo- 
gies and  process  options  at  this  stage  of  the  study,  three 
criteria  are  used,  the  most  important  of  which  is  the  effec- 
tiveness of  the  process  option  at  protecting  public  health 
and  welfare  and  the  environment.  To  a less  significant 
degree,  the  process  options  are  screened  on  the  basis  of 
their  implementability  and  cost.  Altogether,  59  remedial 
technologies  and  process  options  were  retained  for  possible 
use  in  assembling  media-specific  actions.  Chapter  6 and 
Appendix  C contain  comprehensive  tables  detailing  the  two- 
step  screening  process. 

ASSEMBLING  MEDIA-SPECIFIC  ACTIONS 

The  study  next  assembles  media-specific  actions.  Media-spe- 
cific actions  are  assembled  by  combining  selected  remedial 
technologies  and  process  options  to  achieve  the  individual 
remedial  action  objectives  identified  for  the  operable  unit. 

Twelve  media-specific  actions  were  initially  assembled  and 
they  are  listed  in  Table  ES-6. 

Most  feasibility  studies  would  not  assemble  media-specif ic 
actions  at  this  point,  but  rather  would  proceed  directly 
with  assembling  the  technologies  and  process  options  into 
comprehensive  alternatives.  However,  for  sites  such  as  the 
Warm  Springs  Ponds  Operable  Unit,  at  which  interactions 
among  media  are  not  significant  to  the  development  of  sepa- 
rate actions  for  the  media,  the  assembly  of  comprehensive 
alternatives  can  be  completed  later  in  the  feasibility  study 
process.  While  there  are  some  interactions  between  the 
media,  those  interactions  do  not  significantly  affect  the 
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range  of  actions  that  can  be  developed  for  the  problems 
identified  at  the  operable  unit.  The  known  interactions 
between  the  media  are  discussed  in  Chapter  6. 

RANGE  OF  THE  MEDIA-SPECIFIC  ACTIONS 

There  are  certain  features  of  the  Warm  Springs  Ponds  Oper- 
able Unit  that  tend  to  reduce  the  range  of  technologies  that 
can  be  implemented.  The  continual  flow  of  an  average  of  ap- 
proximately 100  cfs  of  contaminated  surface  water  through 
the  operable  unit  has  been  mentioned  as  one  such  limiting 
feature.  The  other  most  significant  factor  is  the  nature  of 
the  pond  berms  and  the  limited  range  of  technologies 
available  for  stabilizing  berms.  Flattening  the  slopes  of 
the  berms  to  enable  them  to  withstand  earthquakes  and 
raising  and  armoring  the  berms  to  protect  them  from  flood 
damage  are  the  commonly  accepted  methods  for  stabilizing 
berms  against  floods  and  earthquakes;  there  simply  are  not 
proven,  cost-effective  alternatives  to  be  considered  for 
stabilizing  the  berms. 

Similarly  for  several  of  the  other  human  health  and  environ- 
mental problems  identified  for  this  operable  unit,  one  fac- 
tor or  another  limits  the  range  of  approaches  that  are  feasi- 
ble. Only  for  the  tailings  deposits  and  contaminated  soils 
is  there  a wide  range  of  approaches  that  might  be  taken. 
Chapter  6 discusses  all  the  limiting  factors,  media  by 
media. 
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DEVELOPMENT  OF  THE  MEDIA-SPECIFIC  ACTIONS 

(Chapter  7) 


As  can  be  seen  by  reviewing  Table  ES-6,  the  media-specific 
actions  assembled  in  Chapter  6 are  basically  concepts.  For 
each,  there  are  numerous  ways  in  which  they  could  be 
implemented.  In  fact,  in  Chapter  7 more  than  one  approach 
is  developed  for  two  of  the  media-specific  actions. 

In  order  to  evaluate  the  effectiveness,  cost,  and  other  as- 
pects of  the  media-specific  actions  in  Chapter  8,  more 
clearly  defined  examples  of  those  actions  must  be  developed. 
In  Chapter  7,  conceptual  designs  are  developed  for  the  media 
specific  actions,  detailing  one  or  more  specific  approaches 
that  could  be  used  to  implement  each.  It  is  these  specific 
approaches  that  are  assembled  into  alternatives  in  Chapter  8 
Table  ES-7  lists  the  16  media-specific  actions  (including 
options)  developed  in  Chapter  7. 

ASSEMBLY  AND  ANALYSIS  OF  ALTERNATIVES 

(Chapter  8) 

In  Chapter  8,  six  comprehensive  remedial  action  alternatives 
are  assembled  by  combining  one  or  more  media-specific  ac- 
tions for  each  of  the  affected  media  into  an  overall  remedia 
tion  package.  The  action  alternatives  are  assembled  from 
the  16  media-specific  actions  developed  in  Chapter  7.  In 
addition,  a "no-action"  alternative  is  added  to  the  range  of 
alternatives  and  evaluated  with  the  action  alternatives  as 
required  by  the  NCP.  The  alternatives  present  a range  of 
possible  combinations.  They  are  analyzed,  both  individually 
and  comparatively,  against  seven  of  the  nine  evaluation 
criteria  established  by  USEPA. 
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Table  ES-7 

MEDIA-SPECIFIC  ACTIONS  DEVELOPED 
FOR  THE  WARM  SPRINGS  PONDS  OPERABLE  UNIT 
FEASIBILITY  STUDY 


POND  BOTTOM  SEDIMENTS 

IA.  Stabilize  pond  berms  to  withstand  a probable  maxi- 
mum flood  (PMF) 

IB.  Stabilize  pond  berms  to  withstand  fractions  of  a 
PMF  (Pond  3,  a 0.5  PMF;  Pond  2,  a 0.3  PMF;  Pond  1, 
a 0.2  PMF) 

2.  Solidify  pond  bottom  sediments 

3.  Stabilize  pond  berms  to  withstand  a-:  maximum  cred- 
ible earthquake 

SURFACE  WATER 

Remove  exposed  tailings  and  contaminated  soils 
from  along  the  bypass 

Comprehensive  upgrade  of  the1  current  Pond  3 
system 

Partial  upgrade  of  the  current  i:Pond  3 system:  re- 

place the  fuse  plug,  improve  the  trashrack,  and 
improve  the  lime  addition  system 

Construct  a new  treatment  pond 

Construct  an  8 ,000-acre- foot  upstream  flood 
impoundment 

Construct 2 >000 -acre -foot  upstream  settling  basin 
DEPOSIT# AND  CONTAMINATED  SOILS 
Cap  and  irevegetate  all  applicable  areas 
Flood  all  applicable  areas 

Excavate  from  all  applicable  areas;  disposal  in  an 
offsite  RCRA  facility 

Excavate  from  all  applicable  areas;  disposal  in 
an  onsite  waste  repository  (Pond  1)  either  prior 
to  solidification  (Media-Specific  Action  2)  or 
capping  (Media-Specific  Action  7) 

GROUNDWATER 

11.  Install  trench  drain  below  Pond  1;  treat  ground- 
water  in  onsite  wetlands 

12.  Install  trench  drains  in  and  below  Pond  1;  treat 
groundwater  in  Pond  3. 

/ CVOR207 / 006 . WP 


4. 
5A. 
5B . 

5C. 

6A. 

6B. 

TAILINGS 

7. 

8. 

9. 

10. 
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ASSEMBLY  OF  ALTERNATIVES 


The  seven  alternatives  considered  for  evaluation  are 
presented  in  Table  ES-8.  Table  ES-9  lists  the  alternatives 
approximately  in  order  of  decreasing  overall  attainment  of 
ARAR  goals  and  describes  the  specific  actions  that  each 
includes . 

Alternative  1 includes  in  situ  solidification  of  all  pres- 
ently existing  pond  bottom  sediments  and  all  tailings  depos- 
its and  contaminated  soils  excavated  from  areas  within  the 
operable  unit.  In  situ  solidification  is  an  innovative 
treatment  process  that  has  not  been  extensively  used  for 
remediations  of  hazardous  materials.  It  has  been  included 
as  an  alternative  that  relies  on  treatment  of  wastes  to 
reduce  their  mobility,  as  required  by  CERCLA  [121(b)(1)]. 

Flood  and  earthquake  protection  of  the  pond  berms  is  not 
envisioned  as  necessary  for  the  ponds  because  the  sediments 
they  contain  would  not,  once  solidified,  be  susceptible  to 
release  in  the  event  of  a berm  failure.  Because  the  three 
existing  ponds  would  be  rendered  unusable  as  a result  of 
solidification,  Alternative  1 also  includes  the  construction  of 
a new  treatment  pond  to  continue  the  treatment  of  contaminated 
surface  water  currently  provided  by  the  existing  ponds.  An  up- 
stream flood  impoundment  to  settle  tailings  out  of  flood  flows 
and  allow  treatment  of  flood  volumes  (up  to  a 100-year  flood) 
is  also  part  of  this  alternative. 

Alternative  2 protects  all  three  of  the  existing  ponds  against 
both  a maximum  credible  earthquake  (MCE)  and  a probable  maximum 
flood  (PMF) . It  also  includes  an  overall  upgrading  of  the 
existing  pond  treatment  system  to  improve  both  its  reliability 
and  its  effectiveness,  and  the  construction  of  an  upstream 
flood  impoundment. 
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Alternatives  3 through  6 all  provide  berm  protection  for  each 
of  the  ponds  against  a full  MCE  and  fractions  of  a PMF  (0.2, 
0.3,  and  0.5  for  individual  ponds)  as  required  by  the  Montana 
dam  safety  rules.  They  differ  in  the  level  of  improvement  to 
the  pond  treatment  system  and  the  use  of  a smaller  upstream 
settling  basin,  instead  of  a flood  impoundment,  for  tailings 
control. 

Each  of  the  first  six  alternatives  also  includes  an  excavation 
and  disposal  or  containment  option  for  the  tailings  deposits 
and  contaminated  soil,  and  one  of  the  two  groundwater  remedia- 
tion options  developed  in  Chapter  7. 

Alternative  7 is  the  no-action  alternative  required  under 
CERCLA  and  is  included  as  a baseline  against  which  the  other 
alternatives  are  evaluated. 

DETAILED  ANALYSIS  OF  ALTERNATIVES 

As  the  final  step  in  the  feasibility  study  process,  the  seven 
remedial  alternatives  are  analyzed  to  determine  whether  they 
satisfy  specific  statutory,  regulatory,  and  other  criteria. 

The  analysis  is  conducted  by  evaluating  the  seven  alternatives, 
first  individually  and  then  comparatively,  against  seven  evalu- 
ation criteria  prescribed  by  the  USEPA.  Two  additional  crite- 
ria, support  agency  acceptance  and  community  acceptance,  will 
be  evaluated  following  the  public  comment  period.  Table  ES-10 
provides  a listing  of  the  first  seven  USEPA  criteria  and  summa- 
rizes specific  factors  that  further  refine  the  criteria  as  they 
are  to  be  used  in  the  detailed  analysis  of  the  alternatives. 

The  evaluations  in  this  study  apply  to  the  media-specific  ac- 
tions developed  in  Chapter  7.  The  development  of  the  media- 
specific  actions  (and,  therefore,  the  alternatives  as  well)  at 
this  stage  is  at  a conceptual  design,  not  a full  design,  level. 
Design  details  and  cost  estimates  will  continue  to  be  refined 
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following  selection  of  an  alternative  and  ultimately  up  until 
final  implementation  of  it. 

INDIVIDUAL  ANALYSES  OF  ALTERNATIVES 

Table  ES-11  summarizes  the  results  of  the  individual  analyses  of 
the  alternatives  against  the  seven  USEPA  criteria. 

COMPARATIVE  ANALYSIS  OF  ALTERNATIVES 

Chapter  8 also  presents  a comparative  analysis  of  the  alterna- 
tives for  each  of  the  seven  evaluation  criteria.  The  purpose  of 
this  analysis  is  to  identify  the  advantages  and  disadvantages  of 
each  alternative  relative  to  the  other  alternatives.  A summary 
of  the  comparative  analysis  is  presented  in  Table  ES-12.  Compli- 
ance with  federal  and  state  ARARs  is  presented  in  Table  ES-13. 
Costs  are  summarized  in  Table  ES-14. 
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Chapter  1 
INTRODUCTION 


\ 


PURPOSE  OF  THE  FKASTftTT.TTY  STUDY 


The  primary  purpose  of  a feasibility  study  is  to  1)  identify 
a broad  range  of  potential  alternatives  for  remedial  action; 

2)  compare  the  alternatives  to  assess  their  feasibility  in 
terms  of  effectiveness,  implementability , and  post;  and 

3)  evaluate,  in  detail,  several  of  the  most /feasible 
alternatives  both  individually  and  against1  one%;;another . All 
of  this  must  be  accomplished  within  the:  framework  of 
Superfund  and  its  implementing  r egulat  i:cns\p re s crib ing  the 
method  for  a feasibility  study. 

Superfund  requires  the  selection  j^p£ , di:-r emed i a 1 action  that 
protects  human  health  and  the  eriyirbnment , is  cost- 
effective,  and  uses  permanent solutions  and  alternative 
treatment  technologies\ok  r e spnkce 1 - r e c ove ry  technologies  "to 
the  maximum  extent  practicable . Additionally,  the 
Superfund  process  ik  dekigne#to  favor  selection  of  remedial 
actions  that  "permanently  and  significantly  reduce  the 
volume,  toxicity, "pk^mobility  of  the  hazardous  substances, 
pollutants,  and  contaminants . "2  The  remedy  must  also 
comply  with  applicable  or  relevant  and  appropriate 
requirements  (ARARs)  or  invoke  appropriate  waivers  of  those 
ARARs . 


1 CERCLA  § 121(b)(1),  42  USC  § 9621(b)(1). 

2 Id. 


) 
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To  achieve  these  statutory  requirements,  the  USEPA  has  estab 
lished  a process  for  conducting  feasibility  studies  and  de- 
veloping remedial  action  alternatives . 3 The  process 
occurs  in  a series  of  steps,  described  and  followed  in  this 
report,  documenting  the  rationale  for  developing  and  evaluat 
ing  the  alternative  approaches  for  site  cleanup.  Each  step 
results  in  successively  more  specific  definitions  of  poten- 
tial remedial  activities.  The  entire  Superfund  process  is 
shown  in  Figure  1-1. 


ORGANIZATION  OF  THE  REPORT 


This  report  begins  with  a description  of  the  Wafa  Springs 
Ponds,  including  a summary  of  the  results  of  the  remedial 
investigation  of  the  operable  unit.  Thi^.is  presented  in 
Chapter  2.  The  site  info rma t i on  is, .foil owe d by  a summary  in 
Chapter  3 of  the  legal  standards,  governing  site  cleanup 
activities  (ARARs) , based  on  existing  conditions  in  the  Warm 
Springs  Ponds  Operable::  Unit ♦ ^Chapter  3 also  contains  a 
summary  of  the  Public  Health  and  Environmental  Assessment 
(PHEA)  prepared  for::  the  operable  unit.  The  PHEA  serves  as  a 
baseline  risk  assessment  and  illustrates  the  consequences  of 
taking  no  remedial  action.  The  entire  PHEA  is  contained  in 
Appendix  A.  The  potential  ARARs  are  described  in  greater 
detail  in  Appendix  B. 


^ USEPA,  1988.  Guidance  for  Conducting  Remedial  Investigations  and  Feasibility 
Studies  Under  CERCLA,  (Interim  Final,  October  1988). 
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The  remainder  of  the  feasibility  study  serves  as  the  mecha- 
nism to  develop,  screen,  and  evaluate  in  detail  the  poten- 
tial remedial  alternatives.  Based  on  the  results  of  the 
site  investigations,  the  identification  of  state  and  federal 
applicable  or  relevant  and  appropriate  requirements,  and  the 
Public  Health  and  Environmental  Assessment,  Chapter  4 identi- 
fies eight  major,  discrete  environmental  and  human  health 
problems  potentially  requiring  remediation  at  the  Warm 
Springs  Ponds  Operable  Unit. 


Chapter  5 identifies  remedial  action  obj ectiyes  for  the 
ARARs  exceedances  and  the  eight  environmental  and  human 
health  problems  at  the  Warm  Springs  Ponds  Operable  Unit. 
Where  appropriate,  these  objectives  Specify  the  "contaminants 
of  concern  (certain  metals),  the  mediate . g . , groundwater, 
surface  water,  soils)  affected,  exposure  pathways , and  ac- 
ceptable contaminant  levels  (based, on:  th6;:  ARARs ) . 


The  study  then  identifies  •'geiieral  ^response  actions"  that 
could  potentially  satisfy  the’:;;;remedial  action  objectives  and 
ARARs.  General  re sponse\actionS:ii  include  activities  such  as 
containment,  treatment,  or "removal  of  contaminants.  For 
example,  various  general  response  actions  exist  for  address- 
ing contaminated  "soil . / Soil  can  be  excavated  and  moved  to  a 
safer  place  ( removal) confined  in  place  (containment),  or 
treated  to  mitigate  its  harmful  qualities  (treatment) . 


After  identifying  general  response  actions,  available  techni- 
cal approaches  for  carrying  out  the  general  response  actions 
are  identified.  This  occurs  in  Chapter  6.  The  available 
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technical  approaches  are  called  remedial  technologies  and 
process  options. ^ Generally,  more  than  one  means  exists 
to  carry  out  a general  response  action.  For  example,  con- 
taminated soil  could  be  contained  in  place  by  designing  a 
cover  to  protect  the  soil  from  wind,  rain,  floods,  and  other 
forces  that  could  cause  it  to  move.  Such  a cover  is  called 
"capping,"  and  is  just  one  example  of  a remedial  technology. 
Several  types  of  materials  or  "caps"  may  be  feasible,  such 
as  native  soils,  plastic  sheets,  or  concrete;  these  make  up 
the  process  options.  Thus,  process  options  are  more  spe- 
cific examples  of  a remedial  technology. 

The  identification  of  possible  remedial  technologies  and 
process  options  occurs  by  first  identifying  an  exhaustive 
list  and  then  eliminating  those  that:,  are  either  unrelated  to 
the  problems  at  the  site  or  technically,  infeasible  for  use 
at  the  site.  The  study  then  evaluates,,  and  screens  the 
remaining  process  options  and  finally  selects  one  or  more 
representative  process  options  fair  each  technology  type 
retained  for  consideration ./  Specific  process  options  are 
selected  at  this  point  so,  that  d manageable  number  of 
remedial  action  alternatives  can  be  developed  later  in  the 
feasibility  study *,5  Other  process  options  may  be 
considered  again  dp ting  later  stages  of  the  Superfund 
process,  such  as  at -the  design  stage . 

The  process  options  become  the  building  blocks  for  site 
remediation.  In  Chapter  6,  groups  of  process  options  are 


^ Ibid. 

5 Ibid.  4-4  and  4-21. 
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combined  to  address  the  ARARs  or  problems  of  each  of  the 
environmental  media.  These  groups  of  process  options  are 
called  media-specific  actions.  Chapter  7 then  develops  the 
media-specific  actions  in  more  detail.  It  presents  specific 
examples  of  the  actions  with  enough  refinement  and  detail  to 
enable  the  USEPA,  the  State,  and  the  public  to  make  a 
meaningful  selection.  For  each  media-specific  action, 
Chapter  7 identifies  structures  that  would  have  to  be  built; 
wastes  that  would  have  to  be  removed,  contained,  or  treated; 
preliminary  details  of  required  treatment  processes;  and 
other  engineering  details. 


The  final  step  in  this  feasibility  study  is  the  "assembly  and 
evaluation  of  comprehensive  remedial  alternatives  for  the 
entire  operable  unit.  In  Chapter  8]%.thd  comprehensive  alter- 
natives are  assembled  by  combining  me dia -specific  actions 
into  overall  remediation  p a cka 


To  the  extent  possible  and  appropriate,  the  feasibility 
study  developed  at  least" :one  remedial  alternative  in  each  of 
the  following  five  categories:  M)  treatment  or  disposal  at 
an  offsite  f ac ility : : £:)  ^attainment  of  applicable  or  relevant 
and  appropriate;.  Requirements ; 3)  exceedance  of  applicable  or 
relevant  and  appropriate  requirements ; 4)  reduction  of  the 
likelihood  of  present,  or  future  threat  from  the  hazardous 
substances,  which  provides  significant  protection  to  public 
health  and  welfare  and  the  environment,  although  not  attain- 
ing applicable  or  relevant  and  appropriate  requirements;  and 
5)  a no-action  alternative . 6 Additionally,  the  alterna- 
tives employ  alternative  treatment  technologies  and  resource 


6 


40  CFR  § 300.68(f) (1) . 
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recovery  technologies  "to  the  maximum  extent  practica- 
ble"? and  "consider  and  integrate  waste  minimization,  de- 
struction, and  recycling,"  as  appropriate.* 8 

The  alternatives  are  evaluated  in  Chapter  8,  both  individu- 
ally and  in  relation  to  each  other,  against  the  following 
nine  criteria  developed  by  the  USEPA: 

1.  Overall  protection  of  human  health  and  the  environment 

2.  Compliance  with  applicable  or  re lev ant /and  appropriate 
requirements 

3.  Long-term  effectiveness  and  permanence 

4.  Reduction  of  toxicity,  mobility,  hr  'Volume  of  the 

wastes  v‘:% 


5.  Short-term  effectiveness! 

6.  Imp  lement  ab  i 1 ity 

7.  Cost 

8.  Acceptability  bf each  alternative  to  the  support  agency 

9.  Acceptability  of  each  alternative  to  the  public^ 


? CERCLA  § 121(b)(1),  42  USC  § 9621(b)(1). 

8 40  CFR  § 300.68(f) (2) . 

Q 

y USEPA,  1988.  6-3  to  6-4. 
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The  last  two  criteria  are  not  addressed  in  detail  in  the  fea 
sibility  study;  rather,  they  will  be  addressed  in  the  Record 
of  Decision,  following  public  comment  on  the  Public  Review 
Draft  Feasibility  Study.  In  addition  to  the  nine  criteria 
identified  by  the  USEPA,  Superfund  favors  the  use  of 
alternative  treatment  technologies  and  resource  recovery 
technologies.  Chapter  8 discusses  whether  and  the  degree  to 
which  the  alternatives  meet  these  additional  statutory 
criteria. 


SCOPE  OF  THE  FEASIBILITY  STUDY  v 

Because  of  the  geographic,  technical/  and:,legal  relation- 
ships among  the  Superfund  sites  in  the\Clark  Fork  River  Ba- 
sin, remedial  actions  at  any  site,  or  operable  unit  must  be 
coordinated  with  those  at  other  location^.  As  one  example, 
remedial  actions  that  are  upstream/  upgradient,  or  upwind 
must  avoid  recontaminating  downstream,  downgradient , or  down 
wind  locations  that  hav e ;%a Ir e ady been  remediated.  Sequenc- 
ing of  remedial  activities  ,€ therefore , is  critical  to  maxi- 
mize ef  f iciency  ?;/doS:t-e f f ectiveness  , and  environmental 
protectiveness  of/each  remedial  action. 

This  feasibility  stiidy  for  Warm  Springs  Ponds  takes  into 
account  that  later  remedial  actions  at  other  locations  will 
affect  the  ultimate  achievement  of  permanent  and  significant 
reduction  of  hazardous  substances,  pollutants,  and  contami- 
nants within  the  boundaries  of  the  Warm  Springs  Ponds  Oper- 
able Unit.  For  example,  future  removal  or  containment  of 
tailings  deposits  from  the  floodplain  of  Silver  Bow  Creek 
(upstream  of  the  ponds)  will  have  a tremendous  impact  on  the 
longevity  of  the  pond  system  and  the  effectiveness  of  some 
of  the  remedial  actions  in  the  Warm  Springs  Ponds  Operable 
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Unit.  Consequently,  this  feasibility  study  clearly  identi- 
fies those  problems,  such  as  tailings  deposits,  that  cannot 
be  entirely  remedied  by  actions  taken  at  Warm  Springs  Ponds, 
and  that  will  require  additional  remedial  activities  at 
other  locations. 

In  summary,  this  feasibility  study  is  a detailed  technical 
and  legal  report  prepared  by  the  Montana  Department  of 
Health  and  Environmental  Sciences  with  guidance  from  the 
USEPA.  It  identifies  remedial  action  alternatives  for  the 
Warm  Springs  Ponds  Operable  Unit  from  a technical  or  engi- 
neering perspective.  The  feasibility  study- does  not  recom- 
mend any  particular  alternative.  Rather*  the  selection  of 
the  appropriate  extent  of  remedy  is  left:  to  the  USEPA  and 
the  State  environmental  agencies  on  the  basis  of  information 
contained  in  this  report,  the  admini s t f a t iv e record,  public 
comment  on  this  report,  and  the;  Relevant  statutory  and  regu- 
latory requirements. 

ch / C VOR 1 2 9 / 0 1 9 . WP  ^ 
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Chapter  2 

SITE  DESCRIPTION  AND  CONTAMINATION  CHARACTERISTICS 


INTRODUCTION 

This  chapter  provides  background  information  on  the  Warm 
Springs  Ponds,  including  their  history  and  physical  charac- 
teristics. It  also  describes  the  nature  and  extent  of  con- 
tamination found  at  the  site  during  the  remedial  investiga- 
tion. In  describing  the  nature  and  extent  of, -Contamination, 
the  chapter  considers  contaminant  types,  quantities,  chemi- 
cal and  physical  properties  and  concentrations-,  "as  well  as 
pathways  of  contaminant  movement.  Tha  chapter  also  reviews 
previous  studies  of  potential  r eme d la c t i on s at  the  site. 
Summaries  of  the  Phase  I remedial  investigation  for  the 
area,  performed  by  MultiTech  ih  1967 r- as  we 11  as  the 
Phase  II  remedial  investigation comp let e d by  CH2M  HILL  in 
1989,  are  contained  in  separate  documents . 1 Additional 
detail  on  many  of  the  joints  summarized  in  this  chapter  is 
available  in  the  two-i-r emied 1 investigations  reports. 

The  remedial  ii%#s:t igatlons  consisted  of  data  collection  and 
site  characterizat ion  to/ determine  the  nature  and  extent  of 
risks  to  human  health  , and  welfare  and  the  environment  pre- 
sented by  conditions  at  and  operation  of  the  Warm  Springs 
Ponds.  Data  collection  included  compiling  and  evaluating 


^ Phase  I Remedial  Investigation  Report  by  MultiTech  (1987)  is  available  for  review  at 
the  following  libraries:  University  of  Montana  in  Missoula;  Montana  State  University  in 

Bozeman;  Montana  College  of  Mineral  Science  and  Technology  in  Butte;  Montana  State  Library 
in  Helena;  Butte-Silver  Bow  Public  Library;  and  the  Grant  Rohrs  Ranch  in  Deer  Lodge.  For 
further  information  as  to  other  administrative  record  repositories,  contact  the  Montana 
Department  of  Health  and  Environmental  Sciences  Public  Information  Office  in  Helena  at  406/ 
444-2821  or  1-800/648-8465  (toll  free  in-state). 

Phase  II  Remedial  Investigation  Data  Summary  by  CH2M  HILL  (1989)  is  available  for  review 
at  the  same  locations  noted  above. 
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existing  information,  sampling,  monitoring,  and  assessing 
exposure  levels.  The  necessity  for  and  proposed  extent  of 
remedial  actions  for  the  site  are  based  in  part  on  the  find- 
ings of  the  remedial  investigation. 2 


In  accordance  with  the  federal  regulations  developed  to 
implement  Superfund,  the  remedial  investigation  assessed  the 
following  factors,  as  necessary,  to  determine  the  appropri- 
ate cleanup  action  for  the  site: 

o Population,  environmental,  and  welfare  concerns  at 
risk 


o Routes  of  exposure 

o Amount,  concentrati  on*;:^ha  z a r do  ids  properties,  envi- 

ronmental fate  and  trahsppf t ( . , persistence, 
mobility,  and  ability  "ahd  opportunity  to  bioaccumu- 
late), and  form  of  the  "substances  present 

o Hydrogeological  factors  (including  soil  permeabil- 

ity, dept  h ::  to  a tur  a ted  zone,  proximity  to  drink- 
ing water  aquifer,  etc.) 

o Current  ah4  potential  groundwater  use 

o Climate 

o Identification  and  characterization  of  the  sources 

of  contamination 

o Whether  substances  at  the  site  may  be  reused  or 
recycled 


\ 


2 


40  CFR  § 300.6  and  300.68(d). 


2-2 


o The  likelihood  of  future  releases  if  the  contami- 
nated substances  remain  on  site 

o The  extent  to  which  natural  or  manmade  barriers 

currently  contain  the  substances,  and  the  adequacy 
of  those  barriers 


The  extent  to  which  the  substances  have  migrated 
or  are  expected  to  migrate,  and  whether  future 
migration  may  pose  a threat  to  public  health  or 
welfare  or  the  environment 


Applicable  or  relevant  and  app  r op r i at: e\r egulatory 
requirements,  as  well  as  other  federal-- or  state 
criteria,  advisories,  and  guidance 

\ 

Air,  land,  water,  or  !l  ^-contamination  prob- 

lems 


Other  appropfi 


The  Warm  Spring s.^ohdS:,  remedial  investigation  evaluated  the 
foregoing  factdts:%,  as  appropriate.  A summary  of  the  results 
of  the  investigation, are.-presented  in  the  remainder  of  Chap- 
ter 2. 


SITE  BACKGROUND 


The  Warm  Springs  Ponds  Operable  Unit  is  approximately  13  air 
miles  northwest  of  Butte,  Montana,  near  the  confluences  of 
Silver  Bow  Creek,  Mill  Creek,  Willow  Creek,  and  Warm  Springs 
Creek.  The  site  covers  approximately  2,500  acres;  major 


3 


40  CFR  § 300.68(e)  (2) . 
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features  include  the  three  settling  ponds,  the  wildlife 
ponds,  and  the  Mill-Willow  Bypass  (see  Figure  ES-1). 

The  primary  function  of  the  Warm  Springs  Ponds  has  been  to 
settle  wastes  in  Silver  Bow  Creek  that  are  derived  from  min- 
ing, milling,  and  smelting  activities  around  the  cities  of 
Butte  and  Anaconda.  Mining  in  the  Butte  area  began  with  the 
discovery  of  placer  gold  in  Silver  Bow  Creek  in  the  summer 
of  1864.  Several  townsites  and  camps  sprung  up  among  the 
diggings.  However,  these  operations  were  short-lived,  and 
most  of  the  miners  left  by  1869.  Those  who Payed  began 
prospecting  the  quartz  lode  deposits  of  silver  and  the 
associated  complex  copper  ores  on  the  Built:  e Hill . \ Their 
efforts  culminated  in  a silver  rush  * : whi  ch : b e g an  :;in  the  mid- 
1870s  and  revived  the  old  camp.  During"  that  time,  world- 
class  deposits  of  copper  ore  weri-ldentif led . By  1881, 

Butte  had  become  one  of  the  natioht::S:  maj,pf  mining  centers; 
the  district  attained  national  dbraihance  in  copper  mining  by 
the  mid- 1890s  and  int e rna t i Ona 1 prominence  by  the  turn  of 
the  century.  Operations "continued  for  over  100  years  until 
1980,  when  in  response : t o\a -depressed  copper  market , 

Anaconda  Minerals"  / C oifip any  (A23C)  closed  all  the  underground 
mines  and  continued  active  mining  only  in  the  Berkeley  Pit 
(established  in  1 9;5f>  and  the  East  Berkeley  Pit . In  1977 , 
AMC  merged  with  the  Atlantic  Richfield  Company  (ARCO) . ARCO 
closed  the  Berkeley  Pit  in  1982  and  the  East  Berkeley  Pit  in 
1983. 

To  support  mining,  various  smelting  and  milling  facilities 
also  operated  in  the  Butte  area.  The  first  two  facili- 
ties were  erected  in  1874  to  smelt  gold  and  silver.  Ten 
years  later,  Marcus  Daly,  one  of  the  founders  of  the 
Anaconda  Minerals  Company,  built  a copper  smelter  27  miles 
west  of  Butte  and  planned  the  city  of  Anaconda.  The 
Anaconda  Smelter  was  moved  to  a new  location  near  the  city 
in  1900,  and  operated  from  1903  to  1980. 
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From  the  beginning  of  ore  concentrating  and  smelting  activi- 
ties in  1880  until  1911,  mill  tailings  and  other  wastes  from 
the  Butte  and  Anaconda  areas  were  carried  down  Silver  Bow 
Creek  to  the  Clark  Fork  River,  at  least  as  far  as  the 
Milltown  Reservoir  (built  in  1907) , approximately  145  river 
miles,  and  probably  farther. ^ Milling  and  smelting 
operations  adjacent  to  Silver  Bow  Creek  generated  an 
estimated  total  of  10  million  tons  of  waste  just  from  1878- 
1925.5  Contaminated  wastewater  from  mining  operations  in 
Butte  were  discharged  into  Silver  Bow  Creek  throughout  its 
mining  history.  Dissolved  metals  from  this/source  were 
carried  downstream  as  well. 

In  1911,  AMC  made  the  first  attempt -to  control  the  amount  of 
sediment  and  tailings  carried  into  the- Clark  Fork  River  from 
Silver  Bow  Creek.  6 AMC  built  a : 2D  - f o b t- high  tailings  dam 
on  Silver  Bow  Creek  near  the  tpwh;-Q;f:: '::Warla- Springs , thus 
creating  Warm  Springs  Pond  ,1  (Figure  ES-1) . Pond  1 is 
currently  full  of  tailings ::::ahd  is  ho  longer  used  as  part  of 
the  treatment  system.  : 

In  1916,  AMC  bu  i 1 tr'Ifra  t he 8- foot-high  dam  upstream  from 
the  first  dam,\thus  creating  Warm  Springs  Pond  2;  this  dam 
was  raised  to  a height  of  23  feet  during  1967-1969 . 7 

Warm  Springs  Ponds  1 and  2 trapped  and  settled  out  sediment 
from  Silver  Bow  Creek.  The  primary  sources  of  this  sediment 

4 

Moore,  J.N,  1985.  Source  of  Metal  Contamination  In  Milltown  Reservoir.  Montana:  An 

Interpretation  Based  on  Clark  Fork  River  Bank  Sediment.  Prepared  for  U.S.  Environmental 
Protection  Agency,  Helena,  Montana. 

5 MultiTech,  1987. 

^ Hydrometrics,  1983.  Summit  and  Deer  Lodge  Valievs  Long-Term  Environmental 
Rehabilitation  Study,  Warm  Springs  Ponds,  Butte-Anaconda,  Montana,  Volume  VII.  Prepared 
for  the  Anaconda  Minerals  Company,  Butte,  Montana. 

7 Id. 
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consisted  of  continued  milling  operations  in  the  Butte  area, 
previously  deposited  tailings  eroded  from  upstream  deposits  ♦  *  1 

in  and  along  the  Silver  Bow  Creek  channel,  mine  water  dis- 
charge, and  increased  natural  sedimentation  resulting  from 
vegetation  disturbance . ^ Overflow  discharge  of  water 
from  the  nearby  Anaconda  and  Opportunity  Ponds  at  the 
Anaconda  Smelter  (Figure  ES-3)  also  may  have  contributed 
sediments,  because  this  water  flows  into  Silver  Bow  Creek 
above  the  Warm  Springs  Ponds. 

AMC  built  a third,  and  much  larger,  28 -f opt -high  dam  up- 
stream of  Pond  2 between  1954  and  1959 , ^rirEiairily  for  sedi- 
ment control.  This  structure  created  Warm  Springs  Pond  3. 

The  height  of  this  dam  was  increased  -^during  1967-1969  to 
33  feet C 

In  1967,  Warm  Springs  Pond  3 wa;s\ converted  from  a simple 
sedimentation  pond  into  a ::treatraeht;;  pond  to  control  dis- 
charges associated  with  ;;t he  | Weed  Concentrator  in  Butte  (the 
primary  ore  concent ra t op €he  But t e area  since  1963),  pre- 
cipitation plant  sp  enters dliiti on  from  AMC’s  Butte  operations, 
and  overflow  frbp  the  Opportunity  Ponds . Treatment  con- 
sisted of  introducing  a lime /water  suspension  into  Silver 
Bow  Creek  above  Warni  S p r ing s Pond  3 . The  addition  of  the 
lime  suspension  raised  the  pH  of  the  creek  water  before  it 
entered  the  ponds,  thus  facilitating  the  precipitation  of 
dissolved  metals  in  the  Warm  Springs  Ponds. 

The  pond  system  currently  does  not  directly  receive  wastes 
from  ongoing  milling  activities  in  the  Butte  area.  It  is 
now  operated  as  a treatment  system  for  the  flows  (still 


8 MultiTech,  1987. 

Q 

7 Hydrometrics,  1983. 

I 1 
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contaminated)  in  Silver  Bow  Creek,  serving  both  as  a set- 
tling basin  for  entrained  sediments  and  as  a precipitation 
unit  (using  lime  and  biological  enhancement)  for  removal  of 
dissolved  metal  contaminants.  Dry  quicklime  is  added  to 
Silver  Bow  Creek  above  Pond  3,  primarily  during  the  winter 
months,  to  raise  the  pH  and  facilitate  precipitation  of 
metal  contaminants  in  Ponds  2 and  3.  During  the  winter  of 
1987-1988  while  the  remedial  investigation  was  conducted, 
the  addition  of  lime  to  Silver  Bow  Creek  was  observed  on  at 
least  two  occasions. 


Just  west  of  the  pond  system  and  within  the:, operable  unit 
lies  the  Mill-Willow  Bypass  (Figure  ES^:|-)  , pa:rts-  of  which 
were  constructed  in  the  late  1950s./  The  current  configura- 
tion of  the  Mill-Willow  Bypass  was  hpniipieted  about  1969-1970 
in  conjunction  with  changes  in  .-the  Pond  3 berm.  1°  The  pur- 
pose of  the  Mill-Willow  B}^?  a s si iph-t o "route  relatively  less 
contaminated  waters  of  M i 11,  C r e e k^.and  :: Wi  1 1 ow  Creek  around 
the  pond  system  and  thus  reduce  the  volume  of  water  entering 
the  pond  system  for  tteitmehu./^XM  bypass  also  serves  to 
convey  excess  watet-sin  Silver  Bow  Creek  around  the  pond  sys- 
tem during  f low^i;::’ih:::::^chss%p|  the  present  design  maximum  of 
approximately  %)6  cubid  feet  per  second  (cfs) . 

Material  excavated  to  construct  the  channel  was  placed  adja- 
cent to  the  channel  to  create  berms  along  the  bypass.  Vis- 
ual observations  of  the  bypass  area  suggest  that  upper 
reaches  of  the  channel  were  constructed  through  tailings  de- 
posits on  the  historic  Silver  Bow  Creek  floodplain.  The 
western  berm  between  the  Mill-Willow  Bypass  and  Pond  3 (Fig- 
ure ES-1)  was  raised  by  AMC  in  1987  to  keep  high  flows  out 
of  Pond  3. 


^ Stevenson,  Sam,  1988.  Environmental  Engineer,  Anaconda  Minerals  Company.  Personal 
communication. 
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The  wildlife  ponds  were  constructed  about  1967  by  the 
Montana  Department  of  Fish  and  Game  (now  Fish,  Wildlife  and 
Parks)  in  association  with  AMC.H  The  purpose  was  to  in- 
crease wildlife  habitat  in  the  upper  Deer  Lodge  Valley.  Two 
main  ponds,  with  smaller  ponds  and  islands,  were  constructed 
(Figure  ES-1).  Water  within  the  wildlife  ponds  is  obtained 
from  Pond  3.  The  wildlife  ponds  discharge  to  the  Mill- 
Willow  Bypass.  The  dissolved  metals  concentration  of  water 
flowing  through  the  wildlife  ponds  is  reduced  as  the  water 
moves  through  the  series  of  cells  comprising  the  ponds. 


The  Warm  Springs  Ponds  system  and  the  wildlife,  ponds  are 
administered  by  ARCO  and  the  Montana  Department "pf  Fish, 
Wildlife,  and  Parks. 


A summary  of  available  data  on  the  three "ponds  is  presented 
in  Table  2-1. 


SITE  DESCRIPTION 


PHYSIOGRAPHY / DEMOGRAPHY 


The  Warm  Springs  Pphds  Operable  Unit  is  located  near  the  up- 
per end  of  the  broad  Deer  Lodge  Valley  at  an  elevation  of 
approximately  4,800  feet.  It  is  located  within  the  rela- 
tively flat,  south-north  trending  floodplain  of  Silver  Bow 
Creek  near  the  eastern  margins  of  the  valley.  Moderately 
steep  foothills  bound  the  site  to  the  east.  Areas  west  of 
the  site  are  characterized  by  gently  sloping  topography 
associated  with  drainages  emanating  from  the  Flint  Creek  and 
Pintlar  Ranges. 


H Stevenson,  1988. 
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Table  2-1 

:y  of  pond  data  for  the  warm  springs  ponds  operable  unit 
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To  the  west  of  the  Warm  Springs  Ponds  Operable  Unit  lie  the 
Opportunity  Ponds  (Figure  ES-1).  This  hydrologic  and  geo- 
morphic  feature  covers  an  area  of  approximately  3,500  acres. 
The  Opportunity  Ponds  were  used  until  1980  to  settle  wastes 
derived  from  smelting  activities  at  the  Anaconda  Smelter. 

The  Opportunity  Ponds  are  a part  of  the  Anaconda  Smelter 
Superfund  site  and  are  being  evaluated  under  a separate 
investigation. 


Two  population  centers  west  of  the  operable  unit  are  the 
towns  of  Warm  Springs  (population  approximately  300)  and 
Opportunity  (population  approximately  750>V\ The  Warm 
Springs  State  Hospital  is  located  in ^the  town  of  Warm 
Springs.  There  are  other  isolated,: residences  near  the  site, 
primarily  along  the  foothills  east  oIh:  the  pond  system  and 
farther  down  the  valley  along  -if he:: :C:1  a rfe:,  For  k River.  Inter- 
state 90  runs  north-south  along  the? west  side  of  the  oper- 
able unit  (Figure  ES- 1 ) . /‘This  highway  is  the  major  arterial 
route  for  motorists  t r&ve  1 ihg;  e a St  Jo  r west  through  western 
Montana.  "V  ’’V 


CLIMATE 


The  Warm  Springs  Porids  Operable  Unit  has  a continental  cli- 
mate with  an  annual  average  precipitation  of  13.2  inches,  as 
measured  in  nearby  Anaconda.  Climate  in  the  higher  mountain 
elevations  surrounding  the  operable  unit  is  alpine  to  sub- 
alpine.  This  climate  is  characterized  by  cold  temperatures 
and  heavy  precipitation,  often  in  the  form  of  snow.  Melting 
of  the  mountain  snowpack  in  spring  and  early  summer  provides 
the  majority  of  the  surface  water  flows  at  lower  elevations, 
including  the  flows  through  the  Warm  Springs  Ponds  Operable 
Unit. 
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The  Warm  Springs  Ponds  are  ice  covered  during  the  winter 
months.  The  area  occasionally  experiences  midwinter  thaws 
and  subsequent  high  streamflows.  Snow  cover  in  the  lower 
valleys  usually  melts  in  March  to  early  April,  with  the 
mountain  snowpack  normally  remaining  through  May  and  into 
June . 


Average  annual  temperature  in  the  vicinity  of  the  Warm 
Springs  Ponds  is  approximately  44°F.  Average  temperatures 
in  July  and  December,  as  measured  in  nearby  Anaconda,  are 
60°F  and  24°F,  respectively.  Predominant  wind  direction  in 
the  vicinity  is  south  to  north.  Average;  wind  velocities  are 
approximately  8 knots. 


GEOLOGY 


The  Warm  Springs  Ponds  are  locate d ;a  1 ong  the  eastern  edge  of 
a Tertiary-age,  down- dropped:, bldpk/that  formed  the  present 
Deer  Lodge  Valley.  T e r ti a r y i.dep ds  i t s up  to  5,000  feet  thick 
are  present  within  the;:%pb«r :::Lbdge:  Valley  north  of  the  Warm 
Springs  Ponds. 12  ; The  gebpogy  of  the  surrounding  uplands 
is  characterized,  by  Paleozdic  limestone,  shale,  and  quart- 
zite units  in  the ’"Flint  Creek  Range  west  of  the  site,  and  by 
quartz  monzonite  M the  Boulder  Batholith  to  the  east . 

Silver  Bow  Creek  enters  the  upper  Deer  Lodge  Valley  through 
volcanic  units  that  outcrop  south  of  the  site. 


Near-surface  lithologies  in  the  Warm  Springs  Ponds  Operable 
Unit  are  characterized  by  relatively  thin  Pleistocene  allu- 
vial deposits  and  varying  thicknesses  of  medium-grained  mine 


^ Noble,  R.A.,  R.N.  Bergantino,  T.W.  Patton,  B.  Sholes,  F.  Daniel,  and  J.  Schofield, 
1982.  A map  of  Cenozoic  Basin-Fill  Deposits,  Western  Montana.  Montana  Bureau  of  Mines 
and  Geology,  MBMG  99  TF  100.50  West,  Butte,  Montana. 
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wastes.  Glaciof luvial  deposits  are  present  near  the  surface 
and  are  occasionally  intermixed  with  the  alluvium. 13 
These  deposits  typically  include  sand  and  gravel  units  sepa- 
rated by  finer-grained  material.  Tertiary  colluvial  valley 
fill  underlies  these  recent  deposits.  Tertiary  colluvium 
typically  consists  of  bedded  clay,  silt,  sand,  gravel,  and 
occasional  boulders. 


SOILS 


Soils  in  the  vicinity  are  developed  primarily  on  valley  fill 
sediments  under  grassland  vegetation.  Sha  1 loW-g ravel-tex- 
tured to  deep  fine-grained  alluvial  soils  have\ developed  ad- 
jacent to  Silver  Bow  Creek  and  the  irCli^rk  Fork  River.  Nutri- 
ent-rich organic  soils  of  various  depths  are  present  in  low 
or  wetland  areas. ^ 


Much  of  the  natural  soil  iiTi:the  listudy  area  has  been  affected 
by  mining  wastes  such  as-  mill:  tailings  and  smelter  wastes. 
Mining-related  wastes  ar  e-  geher ally  sandy  textured,  reflect- 
ing their  granitic^ "origin;*  and  typically  have  high  concentra- 
tions of  metals  and  s hi fide -minerals . Tailings,  waste  rock, 
leach  pond  deposits , and  smelter  wastes  are  present  through- 
out the  site . The s e-mat e r i a 1 s generally  overlie  natural  col- 
luvium or  alluvium  and  range  in  thickness  from  less  than 
1 foot  to  several  feet.  The  greatest  expanses  of  these 
deposits  are  present  at  the  upper  (southern)  ends  of  Ponds  2 
and  3,  within  and  below  Pond  1,  and  along  the  Mill-Willow 
Bypass  (Figure  ES-1). 


13 

Konizeski,  R.L.,  R.G.  McMurtrey,  and  A.  Brietkrietz,  1968.  Geology  and  Groundwater 
Resources  of  the  Deer  Lodge  Valley.  Montana.  United  States  Geological  Survey  Water  Supply 
Paper  No.  1862. 


14 

Schafer,  W.M,  1984.  Silver  Bow  Creek  Preliminary  Remedial  Technology  Assessment: 
Tailings,  Waste,  and  Sediment  Section.  Prepared  for  the  Montana  Department  of  Health  and 
Environmental  Sciences,  Solid  and  Hazardous  Waste  Bureau,  Helena,  Montana. 
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SURFACE  HYDROLOGY 


The  site  is  located  just  south  of  the  historic  confluence  of 
Silver  Bow  and  Warm  Springs  Creeks,  which  joined  to  form  the 
Clark  Fork  River.  Because  of  the  construction  of  these  set- 
tling ponds  near  the  lower  end  of  Silver  Bow  Creek,  the 
area’s  natural  hydrology  has  been  altered.  Silver  Bow  Creek 
currently  enters  Pond  3 from  the  south.  Water  is  then 
routed  into  Pond  2 by  two  decant  towers  and  into  the  wild- 
life ponds  by  siphons.  Both  Pond  2 and  the  wildlife  ponds 
discharge  into  the  Mill-Willow  Bypass  (Figuf!%::IS-3 ) . The 
confluence  of  the  Mill-Willow  Bypass  and  Warm  Springs  Creek 
is  defined  as  the  start  of  the  Clark  Eork  RiverX  Flow  into 
and  out  of  Pond  1,  which  is  no  longer  part,  of  the  treatment 
system,  has  been  obstructed  by  berms,,  -Seepage  from  Pond  2 
into  Pond  1 is  periodically  pumped  back  irito  Pond  2. 

Because  of  the  very  low  gradient  south  o f the  pond  system, 
the  waters  of  Silver  Bow  Gredk  and": Willow  Creek  occasionally 
intermingle  through  connecting  side  channels.  For  this  rea- 
son, a portion  of  the,  water,  in  Silver  Bow  Creek  does  not 
flow  through  the  p.ohd-: treatment  system  and,  instead , occa- 
sionally enters,  the  Mill-lWillow  Bypass  and  ultimately  the 
Clark  Fork  River  without;'  treatment. 

The  Warm  Springs  Ponds  system  reduces  metals  concentrations 
and  removes  sediments  during  average  (73  cfs)  or  below 
average  flow  conditions  in  Silver  Bow  Creek,  particularly 
during  the  warmer  months.  However,  upsets  occur  in  the 
current  treatment  system  during  high  flow  events  in  Silver 
Bow  Creek  when  flows  exceed  the  capacity  of  the  inlet 
structure  to  Pond  3 (approximately  700  cfs).  When  this 
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occurs,  a fuse  plug  washes  out  and  a majority  of  the  water 
in  Silver  Bow  Creek  is  routed  directly  to  the  Mill-Willow 
Bypass.  This  water  reaches  the  Clark  Fork  River  untreated. 
Such  bypass  situations  also  occur  at  flows  less  than  700  cfs 
when  the  inlet  structure  becomes  clogged  with  debris,  thus 
decreasing  its  capacity.  This  situation  occurred  at  least 
twice  during  1985-1987,  the  period  during  which  the  Phase  I 
remedial  investigation  was  conducted. 


GROUNDWATER  HYDROLOGY 


The  groundwater  system  in  the  Warm  Springs  Operable  Unit  is 
complex,  owing  to  the  heterogeneity  of  the  unconsolidated 
geologic  deposits  in  the  area.  Alluvial  aquifers  occur 
along  present-day  stream  channels,  hut-deposits  hosting 
these  aquifers  are  thin  and  generally  ':^o%not  extend  later- 
ally throughout  the  site. 


Other  aquifers  are  associated:  with^ Tertiary- age  valley  fill 
and  the  thick  deposits,  of  gl ac £of  luv i a 1 material.  Several 
water-bearing  zones.-occiir , ^typically  associated  with  the 
presence  of  coarSe-graihed'-uhits . These  aquifers  generally 
exhibit  moderate  to  low  permeabilities  and  are  probably  con- 
nected on  a regional,  scale,  although  fine-grained  interbeds 
tend  to  confine  deeper  aquifers  locally. 


The  site  is  in  a groundwater  discharge  area  for  the  upper 
Deer  Lodge  Valley,  typified  by  shallow  groundwater  tables 
and  swamps.  The  presence  of  artificially  elevated  surface 
water  in  the  pond  systems  also  affects  groundwater  eleva- 
tions and  movement  within  the  site.  Regional  groundwater 
movement  generally  mirrors  surface  topography.  Groundwater 
gradients  along  Silver  Bow  Creek  and  the  upper  Clark  Fork 
River  are  to  the  north;  inputs  are  received  from  the  south- 
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west  in  the  vicinity  of  Mill,  Willow,  and  Warm  Springs 
Creeks  and  from  the  foothills  to  the  east. 


No  domestic  wells  are  located  within  the  immediate  vicinity 
of  the  Warm  Springs  Ponds  Operable  Unit.  Several  are  lo- 
cated east  of  the  pond  system,  but  these  wells  are  completed 
in  bedrock  units  that  do  not  appear  to  be  affected  by  the 
pond  system.  The  town  of  Warm  Springs  derives  its  water 
from  supply  wells  constructed  in  unconsolidated  Tertiary 
deposits  from  depths  of  approximately  200  feet*  These  wells 
appear  to  be  supplied  with  water  derived  f pom  groundwater 
resources  west  of  and  hydraulically  isolated  from  the  Warm 
Springs  Ponds.  (See  Appendix  A for  11101%  detailed 
information  on  groundwater  use  in  the: drea. ) 


LAND  USE 


Approximately  1,000  acres  of  the  %,  500-  acres  within  the  de- 
fined boundaries  of  the  oper db le\unit  are  taken  up  by  open 
water  associated  with\the  pond  system.  Tailings  deposits 
and  contaminated  soils  hover  about  420  acres  within  the 
operable  unit  ( see : "Table  2\2 > . These  areas  are  most 
prominent  above  Pond  3|  between  Ponds  2 and  3 , within  and 
below  Pond  1 , and,  dlong  the  Mill  Willow  Bypass . A small 
tract  of  land  ( approximately  35  acres)  located  on  the  east 
side  of  Pond  3 is  being  used  to  harvest  grain  for  waterfowl 
feed,  as  part  of  the  wildlife  program  (explained  below) . 

The  remaining  acreage  within  the  operable  unit  is 
characterized  by  sparsely  to  well-vegetated  grasslands  and 
marshes . 


The  Montana  Department  of  Fish,  Wildlife,  and  Parks  admini- 
sters much  of  the  area  as  a wildlife  refuge.  Because  of  the 
attraction  of  the  pond  area  for  water  fowl  and  other  wild- 
life, hunting  activities  are  commonplace,  particularly  in 
the  vicinity  of  Ponds  1 and  2.  Anglers  also  frequent  the 
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Table  2-2 

SUMMARY  OF  TAILINGS  DEPOSITS  AND  CONTAMINANTED  SOILS 
AND  POND  BOTTOM  SEDIMENTS- -AREAS  AND  VOLUMES 


Area 
( acres ) 

Tailings  Deposits  and  Contaminated  Soils 

( acre-feet ) 

Volume 

(cubic  yards 

Mill-Willow  Bypass 

Exposed  Tailings 

21 

47 

75,800 

Vegetated  Tailings  and 

Contaminated  Soils 

33 

80 

130.000 

54 

127 

205,800 

Area  Above  Pond  3 

Exposed  Tailings 

22 

..  56 

90,300 

Vegetated  Tailings  and 
Contaminated  Soils 

268 

,=/'  Jfbo 

1 . 130.000 

290 

1,220,300 

Area  Below  Pond  1 

Exposed  Tailings 

1 7/  , 

f 48  ^ 

77,400 

Vegetated  Tailings  and 

Contaminated  Soils 

•C59C 

Jf  246 

397.000 

7%J 

C 294 

474,400 

Total  Tailings  Deposits  and 

Contaminated  Soils 

:W:'  1,177 

1,900,500 

Pond  Bottom  Sediments 

Pond  1 !|i 

Exposed  Sediment  s% 

V 59 

455 

734,000 

Vegetated  / Submerged :\h. 
Sediments  \ 

225 

1.340 

2.156.000 

284 

1,795 

2,890,000 

Pond  2 \ I 

Exposed:%Sediments 

155 

800 

1,300,000 

Vegetate  d%Sdbmerg,ed 

Sediments  J: 

347 

2.230 

3.590.000 

502 

3,030 

4,890,000 

Pond  3 

Submerged  Sediments 

665 

6,930 

11,180,000 

Total  Pond  Bottom  Sediments 

1,451 

11,755 

18,960,000 

Total  Tailings,  Soils,  and  Sediments 

1,871 

12,932 

20,860,500 

ss/CVOR108/040.WP 
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area  along  the  Mill-Willow  Bypass  and  below  Pond  2 and  occa- 
sionally have  been  observed  using  boats  in  Pond  2. 

Local  residents  also  use  the  Warm  Springs  Ponds  for  recrea- 
tional purposes,  including  hiking  and  bird  watching.  Access 
is  limited  primarily  to  foot  traffic;  locked  gates  limit 
vehicular  access  to  the  site. 


NATURE  AND  EXTENT  OF  CONTAMINATION 

Four  contaminated  media  have  been  identified  for  the 
operable  unit:  the  pond  bottom  sediments , the  Surface 

water,  the  tailings  deposits  and  contaminated  soils,  and  the 
groundwater.  The  patterns  of  contamination  of  each  of  these 
environmental  media  are  the  result  of  migration  of  the  con- 
taminants within  and  between  t hefiw A d iag r am  that  shows  the 
areas  of  contamination  and  migration  pathways  is  presented 
in  Figure  2-1.  The  four  environmental  media  are  discussed 
in  the  following  secttols . 

SEDIMENTS,  TAILINGS,  AND  SOILS 

Two  of  the  media-^the  pond  bottom  sediments,  and  the  tail- 
ings deposits  and  contaminated  soils--contain  the  majority 
of  the  contaminants  in  the  Warm  Springs  Ponds  Operable 
Unit. 15  Tailings  and  pond  bottom  sediments  are  generally 
waste  materials  derived  from  historic  mining  and  milling  ac- 
tivities in  the  Butte  and  Anaconda  areas.  These  materials 
are  typically  fine  to  coarse  sand  (reflective  of  their 
granitic  origin)  and  generally  contain  metals  associated 


15 


MultiTech, 


1987. 
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with  the  sulfide  ore  body  present  near  Butte.  Pond  bottom 
sediments,  which  include  large  amounts  of  tailings,  are  also 
comprised  of  precipitated  hydroxides  and  oxyhydroxides 
(sludge)  resulting  from  the  addition  of  lime  slurry  to  treat 
the  water  entering  the  pond  system  and  from  biologically 
mediated  precipitation. 

Tailings  deposits  and  contaminated  soils  are  present  along 
Silver  Bow  Creek  above  Pond  3,  below  Pond  1,  and  along  the 
Mill-Willow  Bypass.  Thicknesses  of  these  deposits  range 
from  less  than  1 inch  to  several  feet.  Tailings  and  contami- 
nated soils  are  present  within  the  operable  unit  in  both 
exposed  areas  and  in  partially  vegetated  areas Pond  bottom 
sediments  are  contained  within  Ponds"  1,  2r  3,  and  the  wild- 
life ponds.  These  sediments  cover  an  area  of  approximately 
1,450  acres  and  range  in  thickness  fr6m  less  than  1 foot  to 
over  20  feet. 

Figure  2-2  shows  the  extentk  and  approximate  thicknesses  of 
tailings  and  pond  bottoib.  sediments  within  the  Warm  Springs 
Ponds  Operable  Unite***,..  The  differentiation  between  tailings 
and  pond  bottom  sediments  "is /not  distinct  because  the  mate- 
rial types  associated  with  each  are  similar . Figure  2-2 
shows  pond  bottom^  sediments  that  are  or  were  historically 
submerged.  Tailings  are  those  metals-enriched  materials 
that  are  generally  located  adjacent  to  the  current  or  his- 
toric floodplain  of  Silver  Bow  Creek  and  along  the  Mill- 
Willow  Bypass.  These  materials  are  often  intermixed  with 
native  soils  and  are  present  both  in  exposed  areas  and  in 
areas  that  are  partially  to  well  vegetated. 

Table  2-2  summarizes  acreages  and  volumes  of  stream-depos- 
ited tailings  and  pond  bottom  sediments  present  within  the 
Warm  Springs  Ponds  Operable  Unit.  Sediment  volume  calcula- 
tions are  based  upon  interpretations  of  the  spatial  and 


t ' 
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FLOWS  IN  WILLOW  CREEK  AND 
SILVER  BOW  CREEK  INTERMINGLE 


OPPORTUNITY  PONDS 


TAILINGS  ALONG  MILL-WILLOW  BYPASS. 

METALLIC  SALTS  WICK  TO  THE  SURFACE 
AND  ARE  DISSOLVED  INTO  THE  BYPASS  CHANNEL 
DURING  SUMMER  THUNDERSTORMS  - - PR08ABLE 
CAUSE  OF  FISH  KILLS  IN  THE  UPPER 
CLARK  FORK  RIVER 


EXPOSED  TAILINGS; 
SOURCE  FOR  AIRBORNE 
CONTAMINATION  AND 
DIRECT  CONTACT 


SEEPAGE  FROM  OPPORTUNITY 
PONDS  ENTERS  POND  3 


WARM 

SPRINGS 


FOR  TREATMENT 


WILLOW 


BYPASS 


UPPER  pH 
SHACK;  LIME 
ADDITION  TO 
FACILITATE  METALS 
PRECIPITATION 


EVAPORATION 


POND  3 


POND  2 


HIGH  FLOWS  IN  SILVER 
BOW  CREEK  DIVERTED 
UNTREATED  DIRECTLY 
INTO  MILL-WILLOW  BYPASS 


ACCUMULATED  LOW 


PERMEABILITY  SEDIMENTS 


IN  POND  BOTTOMS  EXHIBIT 


CLARK 

FORK 

RIVER 


ELEVATED  METALS  CONCENTRATIONS.  TYP 


MILL-WILLOW  BYPASS  / 
ACTS  AS  SINK  FOR 
COLLECTING  DEGRADED 
GROUNDWATER  EMANATING 
FROM  OPPORTUNITY 
AND  WARM  SPRINGS  PONDS 


SAND  AND  GRAVEL  AQUIFER 


PONDS 


AQUITARD  (UNKNOWN  LATERAL  EXTENT) 


CONFINED 

GROUNDWATER 

SYSTEM 


AQUIFER 


SAND 


CONTAMINATED  GROUNDWATER  EXITS 
POND  SYSTEM;  INTERCEPTED  BY 
CLARK  FORK  RIVER 


FIGURE  2-1 

CONCEPTUAL  MODEL  OF 
CONTAMINANT  MIGRATION  PATHWAYS 

WARM  SPRINGS  PONDS 
FEASIBILITY  STUDY 
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vertical  extent  of  the  material  through  visual  observation 
and  through  analysis  of  X-ray  fluorescence  data  and  labora- 
tory-determined metals  data. 

Tailings  Deposits  and  Contaminated  Soils 

Tailings  along  the  Mill-Willow  Bypass  are  most  likely  rem- 
nants of  tailings  deposition  from  the  outflows  of  the  Oppor- 
tunity Ponds  and  tailings  transported  from  the  upper  reaches 
of  Silver  Bow  Creek  during  high  flow  events.  ^Tailings  along 
the  bypass  are  predominantly  sand-sized  material . Tailings 
are  visible  throughout  most  of  the  course  of  the  bypass 
within  the  active  channel  and  along  t he %£ i r s €%£ errace  adja- 
cent to  the  channel.  Contaminated  soils  are  present  between 
visible  tailings  deposits  and  mixed-with : the  tailings. 

Metallic  salts  are  commonly  present  during  summer  months 
along  the  bypass  at  the  sip;  f a c e% d#:  the::  :t a i 1 ing s deposits. 
These  salt  deposits  are  derived  from  slow  oxidation  of  the 
metal  sulfides  in  t he M 1 ings  ::  depo sits,  which  then  wick  to 
the  surface  during,, .dry  periods  as  soluble  salts . These 
salts  form  crystaMihe  deposits  that  dissolve  during  rain- 
storms and  wash  into  the | bypass . This  phenomenon  is  prob- 
ably responsible '-sf d%,  the  f ishkills  along  the  bypass  and  in 
the  upper  Clark  Fork  River  that  have  historically  occurred 
following  summer  thunderstorm  events  (see  Chapter  4). 

Analytical  data  for  50  surficial  (0  to  1 inch)  tailings  and 
soils  samples  were  collected  at  43  sampling  points  within 
and  adjacent  to  the  Mill-Willow  Bypass  (Table  2-3).  Sam- 
pling sites  are  shown  on  Figure  2-3.  Analysis  of  these  data 
and  additional  X-ray  fluorescence  data  collected  from  the 
site  indicate  that  the  highest  average  metals  concentrations 
occur  on  bare  tailings  areas  located  on  the  first  terrace  of 
the  bypass.  Average  metals  concentrations  for  tailings 
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Table  2-3 

MILL-WILLOW  BYPASS  SEDIMENT  STATISTICS 


No.  of 


Paramete 

r Sample 

s Mean3 

Maximum3 

Minimum3 

Deviation3 

Background 

Aluminum 

50 

9,621 

34,400 

3,810 

6,332 

Antimony 

50 

30 

131 

23 

15 

-- 

Arsenic 

50 

121 

336 

2 

73 

10 

Barium 

50 

167 

334 

43 

63 

-- 

Beryllium 

50 

1 

8 

0 

1 

-- 

Cadmium 

50 

22 

331 

1 

55 

0.4 

Calcium 

50 

25,489 

201,000 

1,540 

36,720 

-- 

Chromium 

50 

22 

432 

5 

60 

-- 

Cobalt 

50 

24 

309 

10 

-- 

Copper 

50 

3,713 

66,300 

19 

/1Q1501 

35 

Iron 

50 

29,777 

61,600 

6,070 

12:,  608 

-- 

Lead 

50 

215 

993 

2 € 

■\  1:18 

25 

Magne  s ium 

50 

7,112 

40,300 

i , 2ii€y 

fM34;h::, 

-- 

Manganese 

50 

2,370 

23,700 

.^izsT 

5, 055,  > 

250 

Mercury 

50 

1 

4 

f -C  0 ^ !;h 

1 

-- 

Nickel 

50 

22 

233 

./ 

34 

-- 

Potassium 

50 

2,355 

4,73P 

830 

-- 

Selenium 

50 

2 

if 

1 

-- 

Silver 

50 

5 

\ 

2 

-- 

Sodium 

50 

504 

3,8?o\ 

553 

-- 

Thallium 

50 

ly"8* 

1 

1 

-- 

Tin 

50 

,18 

% i 79in 

14 

9 

-- 

Vanadium 

50 

if  2.8 

J ^%Q2  \.; 

7 

15 

-- 

Zinc 

50 

46 

10,853 

60 

% Solids  (wt. 

%> 

50 

8\l  ; 

. 9$ . 3 

19.7 

13.5 

-- 

Specific  Conductance 
(umho/cm) 

t%7  6k  5 

o 

o 

o 

CM 

248.0 

5,107.3 

pH  (pH  units) 

•%4&= 

1 4| 9 

8.2 

1.7 

2.1 

-- 

a All  units  are  mg/kg  unlesfeptherwise  noted, 
b From  Moore,  1985. 

Notes:  1.  Undetected  parameters  are  assumed  to  be 

at  the  detection  limit. 

2.  Statistics 

are 

computed  from 

the  results 

for  natural 

samples . 

Source:  CH2M  HILL,  1989. 
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collected  from  bare  areas  on  the  first  terrace  (18  samples) 
were  copper  (8,656  mg/kg),  zinc  (9,589  mg/kg) , and  arsenic 
(126  mg/kg).  (Other  metals  are  listed  in  Table  2-3.)  These 
values  are  considerably  higher  than  area  background  concen- 
trations reported  for  stream  sediments  outside  the  operable 
unit:  copper  (35  mg/kg),  zinc  (60  mg/kg),  and  arsenic  (10  mg/ 
kg). 16  Tailings  and  soil  samples  collected  elsewhere 
along  the  bypass  channel  also  contained  metals  concentra- 
tions in  excess  of  reported  background  values. 17 


Analytical  data  and  visual  analysis  of  collected  samples 
also  indicate  that  finer-grained  sediments^ fipe  sand  to 
silt)  typically  have  higher  concentrations  of\mhst  metals. 
Coarser-grained  material  (larger  t hah  fine  sand  -size)  gener- 
ally exhibited  lower  concent r at ionsSpf^most  metals.  Finer- 
grained  materials  are  a significant  contaminant  source  dur- 
ing runoff  events  caused  by  s ripvlmmi  ri: or  d i r e c t precipitation 
because  of  their  erodibility  arid  high  metals  contents. 


Data  for  Mill-Willow  Bypass  so i s amp 1 e s collected  during 
the  Phase  II  r emediai, ; invest igat ion 1 & indicate  metals  in 
soils  and  tail ings  loc a t e d '-a  1 o ng  the  bypass  are  soluble  in 
water.  Highe ftmetals  solubilities  and  lower  pH  values  are 
generally  associated,  with  tailings  samples  collected  in  the 
upper  one-third  of  the  bypass . Metal-bearing  sulfates  and 
carbonate  samples  exhibited  highest  metals  solubilities  of 
soil/ tailings  samples  collected.  Available  data  indicate 
that  contact  of  water  with  tailings  material  located  along 


the  bypass  would  solubilize  metals  and  could  adversely 
affect  receiving  surface  water  quality. 


16  Moore,  1985. 

1-7  See  Ibid. 
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The  volume  of  tailings  along  the  Mill-Willow  Bypass  from  its 
head  to  the  northwest  corner  of  Pond  1 is  approximately 
76,000  cubic  yards  (Table  2-2).  Approximately  130,000  cubic 
yards  of  contaminated  soils  are  present  both  adjacent  to  and 
underlying  the  tailings  deposits.  These  volume  estimates 
are  based  on  aerial  photography  and  field  checks  of  the 
extent  and  depths  of  tailings  and  contaminated  soils  utiliz- 
ing X-ray  fluorescence  spectrometry. 

Other  deposits  of  tailings  and  contaminated  Sjpil  within  the 
operable  unit  are  generally  similar  to  those  ,£n  the  bypass, 
and  are  located  primarily  along  the  historic  course  of 
Silver  Bow  Creek  channel,  near  the  east  Wide  of  "the  present- 
day  pond  system.  Surface  expressions  of  these  deposits  are 
located  along  the  Silver  Bow  Creek  channe 1 above  Pond  3 and 
in  the  area  below  Pond  1 (Figure^ES- 1 )\  \ 

Tailings  and  soils  s amp 1 e s;.:,  we  r e 1c pll e Ct e d in  the  areas  above 
Pond  3 and  below  Pond  L :at : ::ldcat iohs  shown  on  Figure  2-3.  A <4 

summary  of  analytical  at  a , £ or  1;1 . ^s  amp  1 e s collected  at  loca- 
tions in  these  areas-  is  Contained  in  Table  2-4 . These  data 
and  X-ray  fluorescence  dataJ^  obtained  during  sampling  ac- 
tivities indicate  that  ]the  lateral  extent  of  metals  contami- 
nation on  the  ea^teim Wide  of  these  areas  generally  coin- 
cides with  the  slope:  break  between  the  valley  bottom  and  the 
adjacent  foothills  (Figure  2-2).  Soil  analyses  for  samples 
collected  from  upland  areas  (Table  2-4)  supports  this  inter- 
pretation. The  lateral  extent  of  metals  contamination  on 
the  western  side  of  these  areas  generally  parallels  the  his- 
toric Silver  Bow  Creek  channel  (Figure  2-2).  Historic  dis- 
charges from  the  Opportunity  Ponds  to  the  Warm  Springs  Ponds 
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Table  2-4 

SUMMARY  OF  TAILINGS  AND  SOILS  DATA  FOR  AREAS 
ABOVE  POND  3 AND  BELOW  POND  1 
WARM  SPRINGS  PONDS  AREA 


Tailings  and 
Contaminated 
Soils  Average 
Concentrations3 
(mg/kg) 

Upland 

Soils 

Average 

Concentrations^ 
(mg /kg) 

Background 

Concentrations0 

(mg/kg) 

Aluminum 

8,537 

9,670 

Antimony 

14.7 

6.2 

— 

Arsenic 

593 

6 1 

10 

Barium 

189 

150  jf.jf 

-- 

Beryllium 

0.84 

0.68,/'.  \ 

Cadmium 

19.1 

1 . 0 -if  XX. 

0 . 4 

Calcium 

63,400 

5,622/1!/  X 

Chromium 

13.9 

M .£' 

P 

Cobalt 

9.1 

£ £.2  £'% 

— 

Copper 

18,147 

X.2VP 

35 

Iron 

56,014 

15,52%,  \ 

-- 

Lead 

394 

125  ''  =. 

25 

Magnesium 

10,999 

\ 498:  :: 

-- 

Manganese 

1,669 

\ \ 

250 

Mercury 

2 . 5 

\ 0.14 

-- 

Nickel 

15.2  ’ 

! \ \ 8.1 

-- 

Potassium 

1,475  :f  J 

IbX.  W245 

-- 

Selenium 

i.o  X \£  £ 

X’V"  0.16 

-- 

Silver 

IMfc,  X € 

2 . 8 

-- 

Sodium 

X X \ 

519 

-- 

Thallium 

.£  £'0.3%  \ V 

0.3 

-- 

Vanadium 

\\17.7  1 I 

23.2 

-- 

Zinc 

/ 

227 

60 

a Average 

concentrations  from  sediment  samples  WSP-111C, 

WSP-125D,  WSP-134A 

WSP-402A 

, WSP-405A,  WSP-408A,  and 

WSP-411A.  Locations 

and  analyses 

included 

in  CH2M  HILL,  1989.  For 

values  at  the  detection  limit,  the 

detection  limit  concentration  was  used  in  the  average, 
b Average  concentrations  from  sediment  samples  WSP-100A,  WSP-116A,  WSP-215B, 
and  WSP-300A.  Locations  and  analyses  included  in  CH2M  HILL  (1989). 

Upland  soils  obtained  from  sites  above  valley  bottom. 
c From  Moore,  1985. 

Source:  CH2M  HILL,  1989. 
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probably  affected  soils  in  the  area  south  of  Pond  3 and  west 
of  Silver  Bow  Creek.  The  total  area  affected  by  metals  con- 
tamination above  Pond  3 is  about  290  acres  and  below  Pond  1 
is  about  76  acres  (Table  2-2). 

The  depth  of  metals  contamination  in  the  tailings  contami- 
nated areas  above  Pond  3 and  below  Pond  1 was  evaluated 
through  visual  analysis  and  through  evaluation  of  x-ray  fluo- 
rescence data  for  samples  collected  at  vertical  increments 
in  the  soil  profile.  These  data  indicate  copper,  zinc,  cad- 
mium, and  arsenic  concentrations  typically  decrease  by 
50  percent  from  above  to  below  visually  identified  areas  of 
contaminated  material.  This  delineation  was  used  to  present 
thickness  data  on  Figure  2-2.  The  combined  volume  of 
tailings  and  contaminated  soils  in  the- areas  above  Pond  3, 
below  Pond  1,  and  along  the  Mii:l::;;iWilldw  Bypass  is 
approximately  1.9  million  cub  ft:  ‘^arJis^f^^le  2-2). 

Seven  samples  obtained  from:  tailings  areas  above  Pond  3 and 
below  Pond  1 were  analyzed,  fox  EP  "Toxicity  metals  concentra- 
tions. None  of  these  samples  exceeded  the  concentrations 
established  to  determine  Toxicity. 20 

Pond  Bottom  Sediments 

Pond  bottom  sediments  were  sampled  at  34  sites  throughout 
the  ponds  (Figure  2-4).  At  each  site,  multiple  samples  were 
taken  with  depth  in  the  sediment  profile.  The  samples  were 
analyzed  for  total  metals,  common  ions,  cyanide,  and  percent 
solids  (Table  2-5).  A subset  of  the  collected  samples  from 
Ponds  2 and  3 was  analyzed  for  organic  constituents.  Analy- 
ses of  these  samples  indicate  organic  constituents  were 
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below  the  required  detection  limits  and  the  majority  of 
analyses  were  below  the  instrument  detection  limits. 21- 

Average  concentrations  of  arsenic,  cadmium,  copper,  lead, 
manganese,  and  zinc  in  Ponds  1,  2,  and  3,  and  the  wildlife 
ponds  sediment  are  present  above  reported  background  levels 
(Table  2-5). 


Four  relatively  distinct  layers  were  encountered  in  sedi- 
ments of  Ponds  1,  2,  and  3.  The  layers  were  identified  pri- 
marily on  the  basis  of  color  and  texture,  ahd/were  labeled 
Zones  A through  D.  Zone  A is  the  uppermost:,  layer , zero  to 
5 feet  thick,  a relatively  incompetent ,ihighly  Saturated, 
jet-black,  clayey-silt  unit;  Zone  B/is:  2 to  7 feet  thick, 
dark  brown  to  reddish-orange,  highly  saturated,  clayey  silt; 
Zone  C is  a 3-  to  7 - foot - thick- layer  df  dark  gray,  moder- 
ately saturated  sandy  silt  with  Organic  material  present; 
and  Zone  D is  the  o r i g ina  1,  ,p  ond\ bo  t tbit  material,  consisting 
of  either  peat  or  coarse  sand  and  'gravel  units.  Zones  B and 
C have  low  permeabilities  and,  thus  tend  to  partially  seal 
the  bottoms  of  the,;::pqnds>.  € 


Figure  2-2  shows  pond  bottom  sediment  thicknesses  within  the 
ponds.  Sediments^ are  thicker  on  the  eastern  side  of  the 
ponds  near  the  historic  location  of  the  Silver  Bow  Creek 
channel.  Greatest  thicknesses  were  encountered  in  Pond  3 
(up  to  22  feet)  with  lesser  maximum  thicknesses  in  Ponds  1 
and  2 (up  to  15  feet).  Calculations  indicate  that  the  fol- 
lowing approximate  volumes  of  pond  bottom  material  have  accu- 
mulated in  the  Warm  Springs  Ponds:  Pond  1--2.9  million  in- 

place  cubic  yards;  Pond  2--4.9  million  cubic  yards;  and 
Pond  3--11.2  million  cubic  yards  (Table  2-2). 


21 


CH2M  HILL,  1989. 


4 


I 


Vertical  distributions  of  average  copper,  zinc,  cadmium,  and 
arsenic  concentrations  within  each  pond  were  determined 
(Table  2-6).  These  data  indicate  decreases  in  copper,  zinc, 
and  cadmium  from  Pond  3 to  Pond  2 and  from  Pond  2 to  Pond  1. 
Arsenic  concentrations  are  relatively  higher  in  Ponds  1 and 
2 compared  to  Pond  3 . 

Highest  concentrations  of  copper,  zinc,  and  cadmium  were 
measured  in  Zone  B in  Ponds  2 and  3 and  in  Zone  C in  Pond  1 
(Table  2-6).  Arsenic  exhibited  highest  concentrations  in 
Zone  C in  all  the  ponds.  Average  concentrations  of  all  four 
metals  were  lower  throughout  the  pond  system  in  Zone  D,  with 
the  exception  of  copper  in  Pond  2.  ’ \/\. 

Eleven  pond  bottom  sediment  samples%werd  submitted  for  EP 
Toxicity  metals  analyses.  Of  the,,  11  Semples  analyzed, 

5 were  obtained  from  Pond  2,  andrB^^From  Pond  3.  Samples 
analyzed  represented  Zonesu.A,  By  'arid  C::in  the  sediment  pro- 
file. Exceedances  of  the  maximum  concentration  for  cadmium 
(1,000  mg/1)  were  measured  In,  two  Samples  obtained  from 
Zones  B and  C in  Pond,  3 h and  in  brie  sample  obtained  from 
Zone  B in  Pond 

SURFACE  WATER 


Physical  Characterization 

The  surface  water  regime  within  the  Warm  Springs  Ponds  Oper- 
able Unit  consists  of  the  following  components:  Silver  Bow 

Creek;  Ponds  1,  2,  3,  and  the  wildlife  ponds;  Opportunity 
Ponds  discharges;  and  the  Mill-Willow  Bypass.  Figure  2-5 
schematically  shows  flow  paths  of  surface  water  systems 
within  the  Operable  Unit.  Flow  data  for  Silver  Bow  Creek 
and  the  Mill-Willow  Bypass  are  presented  in  Table  2-7.  Data 
on  the  three  treatment  ponds  are  summarized  in  Table  2-1. 
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Table  2-6 

Y OF  POND  BOTTOM  SEDIMENT  DATA 
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Table  2-6 
(Continued) 
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CVOR108/036.WP 


Flow 
( cf s ) a 


Table  2-7 

SUMMARY  OF  STREAM  DATA  FOR  THE 
WARM  SPRINGS  PONDS  OPERABLE  UNIT 


Average  Flow  at  Pond  3 Inlet 
Average  Flow  in  Mill  Willow  Bypass 
Typical  Combined  (pond  discharge  plus  bypass) 
o Average  Low  Flow  (1972  to  1979) 
o Average  High  Flow  (1972  to  1979) 

Silver  Bow  Creek  100-Year  Flood  Peak  Flow//. 
Silver  Bow  Creek  Approximate  PMF 


73 

27 

50b 

110b 

4,900 

146,000 


^Data  from  Multitech,  Phase  I RI  unless"  noted 
bData  from  USGS  gaging  station  on  Mill  Willow  Bypass 


Silver  Bow  Creek  enters  Pond  3\f roif:hhe  South . Figure  2-6 
shows  the  sampling  and  flow  me  a sur  emen it  s i t e s used  during 
the  remedial  investigation.-:,  "Lime  slurry  is  occasionally 
added  during  the  wintei  months  to  ^Silver  Bow  Creek  water 
above  Pond  3 ( S S - 1 9 F igur  er  2 - A)-  t o raise  the  pH  of  the 
water  to  facilitat  e e ciplf  at  ion  of  metals.  Two  minor  dis- 
charges from  the  Opportunity  Ponds  (SS-23  and  SS-24,  Fig- 
ure 2-6)  are  also, directed  into  Pond  3. 


Pond  1 is  currently  used  to  collect  seepage  from  Pond  2 


This  water  is  pumped  back  into  Pond  2 periodically.  Water 
seeping  from  below  the  Pond  1 berm  is  also  pumped  back  into 
Pond  1 periodically.  Seepage  water  pumped  back  into  Pond  1 
has  historically  been  treated  with  lime  slurry,  although  no 
observations  of  this  practice  were  made  during  the  remedial 


investigation. 


Flows  in  Silver  Bow  Creek  that  exceed  the  capacity  of  the 
intake  structure  above  Pond  3 (approximately  700  cfs)  are 
routed  directly  into  the  Mill-Willow  Bypass  through  a diver- 
sion channel.  The  diversion  channel  is  equipped  with  an 
earthen  plug,  which  fails  when  the  flow  rate  of  Silver  Bow 


Creek  exceeds  approximately  700  cfs.  The  plug  also  fails  at 
lower  flows  when  debris  that  has  collected  on  the  pond  sys- 
tem intake  structure  restricts  flow  through  the  structure. 
This  mode  of  plug  failure  occurred  at  least  twice  during  the 
remedial  investigation  study  periods.  During  bypass  events 
through  the  diversion  channel,  these  volumes  are  not  treated 
prior  to  entry  into  the  Clark  Fork  River. 


Flow  data  collected  during  the  Phase  I remedial  investiga- 
tion^ indicate  that  the  highest  flows  entering  the  site 
are  generally  associated  with  spring  snow  melt , which  typi- 
cally occurs  March  through  June.  Average  instantaneous  dis- 
charge measured  in  Silver  Bow  Creek  above  the\Warm  Springs 
Ponds  (SS-19,  Figure  2-6)  during  Phase'  I ^remedial  investiga- 
tion fieldwork  (1984-1985)  was  73  cEs  .M  Maximum  and  minimum 
instantaneous  discharges  measured,  at  SS-19  during  the  period 
1984-1986  were  212  cfs  in  May  I9i84=:;:;iahd:::;f8:=:::'cf s in  July  1985. 

A maximum  discharge  of  288  :::cf  s measured  at  a continu- 
ously recording  gauge  at  SS^ii9  during  April  1986. 


Outflows  from  the  pond  system  averaged  approximately  55  cfs 
at  the  Pond  2 discharged ( PS- 12 ) and  almost  6 cfs  at  the  dis- 
charge from  the:  wildlife  ponds  (PS- 1 1A)  during  the  Phase  I 
remedial  investigation  (Figure  2-6).  Maximum  and  minimum 
instantaneous  discharges  measured  at  these  two  sites  during 
the  same  time  period  were  186  cfs  and  10  cfs  at  PS- 12,  and 
8.2  cfs  and  3.2  cfs  at  PS-11A. 


Maximum,  minimum,  and  average  discharges  measured  at  the 
head  of  the  Mill-Willow  Bypass  (SS-18,  Figure  2-6)  during 
the  remedial  investigation  were  87  cfs,  3.3  cfs,  and  27  cfs, 
respectively.  Flows  measured  at  SS-25  (Figure  2-6)  near  the 
mouth  of  the  bypass  but  above  its  confluence  with  Pond  2 


22 


MultiTech,  1987. 
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discharge  were  relatively  higher  than  those  measured  at  SS- 
18,  even  after  subtracting  input  to  the  bypass  from  the 
wildlife  ponds.  This  indicates  groundwater  inflow  to  the 
bypass  is  measurable  in  this  reach.  Maximum,  minimum,  and 
average  flows  determined  for  Sampling  Station  SS-25  during 
the  course  of  the  remedial  investigation  were  91  cfs, 

13  cfs,  and  33  cfs,  respectively. 

Seepage  runs  (synoptic  flow  measurements)  along  the  Mill- 
Willow  Bypass  completed  during  base  flow  conditions  in  the 
summer  and  fall  of  1985  indicated  the  bypass  closes  water  in 
its  upper  reach  above  Pond  3 and  gains  approximately  2.5  cfs 
in  the  reach  from  the  upper  end  of  Pond>3  to  the  Pond  2 dis- 
charge. The  source  of  increased  flow/in, the  middle  and 
lower  reaches  of  the  bypass  channel\i^  most  likely  ground- 
water  inflow  from  the  Warm  Springs  Pohdsi;^nd  Opportunity 
Ponds  area. 

A separate  seepage  run  was -conducted  on  the  Mill-Willow  By- 
pass during  the  Phase r emedi:Ai}Hinve stigation  in  July  1988 
in  the  reach  from  ::fehe;;. north  Opportunity  Ponds  discharge  (SS- 
24,  Figure  2 - 6 ) :lphd,  % discharge.  At  the  time,  AMC 
was  diverting  kh^entire  | flow  of  the  bypass  into  Pond  3 via 
the  north  Opporthnity/Ponds  discharge  ditch.  Water  entering 
the  bypass  below  this,  point  was  entirely  groundwater  inflow. 
Measurements  of  this  flow  verified  that  the  volume  of  ground- 
water  entering  the  bypass  over  this  reach  is  approximately 
2.5  cfs. 

Quality  Characterization 

Surface  water  quality  data  consist  primarily  of  analytical 
and  flow  data  collected  during  the  Phase  I remedial  investi- 
gation (1984-1985),  limited  inflow  data  collected  during 
1986,  and  diurnal  sampling  data  collected  from  8 to  10  sites 
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during  the  Phase  II  remedial  investigation  (1987-1988).  Sur 
face  water  sampling  sites  are  shown  on  Figure  2-6.  Tab- 
les 2-8  and  2-9  summarize  surface  water  analytical  data 
collected  at  sites  in  and  adjacent  to  the  Warm  Springs  Ponds 
during  the  Phase  I and  Phase  II  remedial  investigations, 
respectively . 

A mass  balance  study  of  the  Warm  Springs  Ponds  conducted  as 
part  of  the  Phase  I remedial  investigation  showed  that 
metals  are  being  removed  by  the  current  treatment  system. 
Inflow  loads  of  total  copper  and  total  zing/ were  reduced  by 
over  90  percent  by  the  time  the  water  left.rphe  pond  system 
during  summer  months.  The  mass  balance  -Study"  was  not  con- 
ducted with  data  from  the  winter  period,  but  samples  of  the 
inflow  and  outflow  taken  during  the -winter  showed  reductions 
in  the  concentrations  of  total/zijic  and  total  copper  of  50 
to  70  percent. 

The  pH  varies  seasonally  im.  the  pond  system,  from  a low  of 
about  7.0  standard  unit  ik  in  the  - win  t e r to  a high  of  near 
10.0  standard  units-in  the  .summer . The  effect  of  this  vari- 
ation on  metals  precipitatiph  is  pronounced.  Decreases  in 
metal  concentrations  are  evident  beginning  in  May.  Fig- 
ure 2-7  illustrates^  thls:  phenomenon  for  zinc . 

The  ponds  function  to  reduce  dissolved  metals  loads  in  the 
outflow  by  allowing  metal  precipitates  to  settle  out  of  solu 
tion.  Two  changes  occur  during  winter  months  that  affect 
the  ponds*  operation.  The  pH  in  the  ponds  decreases  and  ice 
forms  over  the  ponds  reducing  the  capacity  of  the  ponds. 

The  reduced  pH  inhibits  the  formation  of  many  of  the  metal 
hydroxides.  The  decreased  pond  capacity  increases  the  veloc 
ity  of  the  water  flowing  through  the  system,  which  can  re- 
duce the  amount  of  the  precipitates  that  will  settle  out  of 
suspension. 
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Table  2-9 

SUMMARY  OF  SURFACE  WATER  DATA 
WARM  SPRINGS  PONDS  OU  PHASE  II  REMEDIAL  INVESTIGATION 
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Although  metals  concentrations  are  reduced  in  the  pond  sys- 
tem, Montana’s  chronic  freshwater  aquatic  standards  for 
copper,  lead,  and  zinc  were  exceeded  throughout  the  pond 
system  during  the  remedial  investigation.  Other  metals 
frequently  exceeded  the  standards.  The  numbers  of 
exceedances  at  each  of  the  sampling  sites  during  the  Phase  I 
and  Phase  II  remedial  investigations  are  presented  in 
Tables  2-10  and  2-11,  respectively.  Copper  was  the  only 
metal  that  routinely  exceeded  the  acute  water  quality 
standard  for  aquatic  life. 


Surface  water  quality  data  indicate  Montana  primary  drinking 
water  standards  were  not  exceeded  in  the^  discharges  (PS- 12) 
from  the  Warm  Springs  Ponds  system  (Table  2-12).  However, 
the  primary  drinking  water  standard  !|;f or  : arsenic  (0.05  mg/1) 
was  exceeded  in  the  Mill-Will ow  ::By p a s s .(Station  SS-25,  Fig- 
ure 2-6)  during  the  two  highest:  measured "flow  events,  and 
the  arsenic  standard  was  regularly  exceeded  in  surface  water 
pumped  from  below  Pond  1 into! Pond  \1  (Station  SS-27A,  Fig- 
ure 2-6)  (Table  2-12)  .€  C 


The  Mill-Willow  Bypass,  Exhibits  increases  in  sulfate,  hard- 
ness, and  zinc  concentrations  between  its  head  (SS-18)  and 
its  confluence  with  Pond11 2 discharge  (SS-25)  (Figure  2-6). 
Synoptic  flow  measurements  and  a specific  conductance  survey 
completed  during  base  flow  conditions  in  the  bypass  con- 
firmed that  groundwater  inflow  along  the  Mill-Willow  Bypass 
is  responsible  for  the  increases  in  concentrations  of  these 
parameters . 


Four  diurnal  sampling  episodes  were  completed  at  8 to 
10  sites  within  the  Warm  Springs  Ponds  system  during  the 
Phase  II  remedial  investigation  to  gain  a better  understand- 
ing of  changes  in  water  quality  over  24-hour  periods  and  on 


\ 
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Table  2-10 

WATER  QUALITY  STANDARD  EXCEEDANCES  FOR  AQUATIC  LIFE-- 

SAMPLING  DURING 

THE  PHASE  I REMEDIAL  INVESTIGATION3 


Exceeding 


Sampling 

Chronic  Standard0 

Acute 

Standard0 

Station3 

nb 

As  Cd 

Cu 

Pb 

Zn  As 

Cd 

Cu 

Pb 

Zn 

SS-19 

10 

0 3 

10 

8 

10 

0 

0 

10 

0 

10 

SS-20 

15 

0 1 

14 

5 

13 

0 

0 

13 

0 

2 

SS-21 

18 

0 2 

17 

5 

18 

0 

0 

17 

0 

2 

SS-22 

19 

0 0 

19 

5 

16 

0 

2 

18 

0 

0 

SS-26 

15 

0 4 

14 

6 

11 

0 

0 

14 

0 

4 

PS- 1 1A 

18 

0 0 

9 

1 

3 

0 

0 

8 

0 

0 

PS-12 

18 

0 0 

15 

3 

11 

0 

0/ 

% 13 

0 

0 

SS-18 

14 

0 0 

10 

1 

2 

0 

•0  , 

8 

0 

0 

SS-25 

14 

0 0 

10 

1 

10 

0 

/"  0% 

7 

0 

0 

aSampling 

station  locations  are 

shown 

on 

Figure 

J!- 

6. 

SS-19 

Silv< 

sr  Bow  Creek  ab 

ove  pond  system: 

SS-20 

Pond 

3 

SS-21 

East 

decant  discharge  between 

P6nds= 

3:: 

and  2 

SS-22 

West 

decant  discharge  between 

Ponds 

1 

and  2 

SS-26 

Pond 

2 

PS-11A:  Wildlife  Ponds  discharge 

; to:. MilLrWillow  Bypass 

PS-12 

Pond 

2 discharge  to 

Mill- 

Will 

otr  Bypass 

SS-18 

Head 

of  Mill-Willow 

Bypass1!!: 

SS-25 

Mill 

-Willow  Bypass 

above 

Pond 

discharge 

3n  = number  of  samples 
°USEPA,  1986,  1985 ( a-d ) . Quality  .Ciiteria.  for  Water.  U.S. 
Superintendant  of  Documents^  Waah'ingtpnv;;."'  DC . Metals  measured  as  total 
because  total  recoverable:  data  are  not  available. 


lw/CVOR  108/069. WP 
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Table  2-11 

SUMMARY  OF  WATER  QUALITY  EXCEEDANCES 
FOR  THE  PROTECTION  OF  AQUATIC  LIFE-- 
DIURNAL  SAMPLING  COMPLETED  DURING  THE  PHASE  II  RI 
WARM  SPRINGS  PONDS  AREA 


Sample  Station5  Sept.  1987  Jan.  1988  Apr.  1988 July  1988 

No.  of  No.  of  No.  of  No.  of 

Exceedc  Exceedc  n^  Exceedc  Exceed0 

SS-19 


Laamium 

Chronic 

12 

9 

12 

12 

12 

11 

12 

9 

Acute 

12 

6 

12 

0 

li  J:' 

1 

12 

0 

Copper 

Chronic 

12 

12 

12 

12 

yr  12 

\l2 

12 

12 

Acute 

12 

12 

12 

12  / 

12 

'X  1:2 

12 

12 

Lead 

Chronic 

12 

9 

12 

2 %, 

12 

11 

12 

U 

Acute 

12 

0 

12  ijf 

%=;  1 2 

0 

12 

0 

Zinc 

Chronic 

12 

12 

% '^i^' 

12 

11 

12 

12 

Acute 

12 

12 

:|il;  h 

12 

11 

12 

12 

SS-20 

Cadmium 

Chronic 

12 

-i%.  5 

12 

2 

12 

10 

12 

3 

Acute 

12 

/ 

./  12 

0 

12 

0 

12 

0 

Copper 

Chronic 

12 

3 

12 

5 

12 

9 

12 

12 

Acute 

12 

0 

12 

0 

12 

9 

12 

6 

Lead 

Chronic 

12 

0 

12 

0 

12 

0 

12 

0 

Acute 

12 

0 

12 

0 

12 

0 

12 

0 

Zinc 

Chronic 

12 

0 

12 

2 

12 

1 

12 

1 

Acute 

12 

0 

12 

2 

12 

1 

12 

0 
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Table  2-11 
(Continued) 


Sample  Station3 

Sept.  1987 

Jan.  1988 

Apr . 

1988 

July  1988 

No.  of 

No . of 

No . of 

No . of 

n^ 

Exceed0 

Exceed0 

n* 

Exceed0 

n^ 

Exceed0 

SS-26 

Cadmium 

Chronic 

12 

5 

12 

1 

12 

2 

12 

2 

Acute 

12 

0 

12 

0 

12 

0 

12 

0 

Copper 

Chronic 

12 

2 

12 

0 

/ 12%, 

7 

12 

1 

Acute 

12 

0 

12 

0 ;jf 

:/%u  X 

7 

12 

0 

Lead 

Chronic 

12 

0 

12 

,0'  .:f  ,:ii; 

"%  12 

12 

0 

Acute 

12 

0 

12 

:I:  12 

0 

12 

0 

Zinc 

Chronic 

12 

0 

12 

\ ¥a % 

/ 12 

2 

12 

1 

Acute 

12 

0 

12 

\ \ jt 

12 

2 

12 

0 

% 

\ 

PS- 1 1A 

C \ 

Cadmium 

::F 

Chronic 

12 

H. 

0 

12 

0 

12 

0 

Acute 

12 

.if  0 \ \ 

0 

12 

0 

12 

0 

Copper 

ji  jji 

Chronic 

12 

Sj¥ii:  ,/r 

12 

0 

12 

0 

12 

0 

Acute 

12 

%. 

12 

0 

12 

0 

12 

0 

Lead 

Chronic 

12 

0 

12 

0 

12 

1 

12 

0 

Acute 

12 

0 

12 

0 

12 

0 

12 

0 

Zinc 

Chronic 

12 

0 

12 

0 

12 

0 

12 

1 

Acute 

12 

0 

12 

0 

12 

0 

12 

0 
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Table  2-11 
( Cont inued ) 


Sample  Station3  Sept.  1987 

No . of 

rjk  Exceed0 


PS- 12 


Jan.  1988 

No.  of 
Exceed0 


Apr.  1988 

No . of 
Exceed0 


July  1988 

No.  of 

nb  Exceed0 


Cadmium 

Chronic 

Acute 


12 

12 


12 

12 


12 

12 


Copper 

Chronic 

Acute 


12 

12 


12 

12 


12 

12.: 


Lead 

Chronic 

Acute 


12 

12 


12 

12 


O-i 


12 

12 


0 

0 


Zinc 

Chronic 

Acute 


12 

12 


12 

12 


:..l 


12 

12 


aSampling  station  locations  shown  qrf  Figure  .Z-S7:%;. 

^Number  of  natural  samples  collected'1!:::.  y:: :;F 

°Number  of  samples  exceeding  USEFA^.staridards  (1976,  1986)  (hardness  dependent) 


CVOR108 / 045 . WP 


12  0 
12  0 

12  0 
12  0 

12  0 
12  0 

12  0 
12  0 
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Table  2-12 

PRIMARY  DRINKING  WATER  STANDARDS  EXCEEDANCES 
IN  THE  WARM  SPRINGS  PONDS  SUREACE  WATER 


Date 

Parameter 

Silver  Bow 
Creek  Above 
Ponds  SS-19 

Mill-Willow 

Bypass 

SS-18  SS-25 

12/05/84 

Pb 

01/30/85 

Cd 

02/27/85 

As 

03/27/85 

As 

04/10/85 

As 

04/23/85 

As 

06/05/85 

As 

0.105  0.120 

05/31/86 

As 

0.052 

06/05/86 

As 

0.073 

0.105 

aUSEPA,  1985a, b,d.  Quality  Criteria  for  Water.  U.S 
Note:  Concentrations  in  mg/1. 


Opportunity 

Pond  1 

Ponds 

Pump- 

Discharges 

Pond  2 

back 

SS-23  SS-24 

SS  -26 

SS-27A 

Standard 

0.129  0.192 

0.05 

0.012 

0.01 

0.097 

0.05 

0.091 

0.05 

0. 128 

0.05 

0.108 

0.05 

0.05 

0.05 

0.05 

Superintendent  6-i 

Documents , 

Washington, 

DC. 

CVQR108/046.WP 


1 


4 


a seasonal  basis.  Diurnal  sampling  events  were  completed  in 
September  1987  and  in  January,  April,  and  July  1988. 

Table  2-9  summarizes  field  and  laboratory  data  for  the  diur- 
nal sampling  events.  These  data  indicate  the  following: 


pH  varied  measurably  at  all  stations  sampled.  The 
magnitude  of  variation  over  a 24-hour  period  was 
more  pronounced  (up  to  2.2  pH  units)  during  the 
September  and  July  sampling  events , than  during 
the  January  event  (up  to  0.7  pH  units) . The  great 
est  variability  in  pH  was  measured,  at  the  inflow 
to  the  pond  system  (SS-19)  (Figure  2-8 ) . The  meas 
ured  variability  at  the  station  -is  likely  reflec- 
tive of  the  variability  of  upstream  inputs, 
particularly  the  Butter-Sewage  Treatment  Plant  dis- 
charge . \ 


The  greatest  variability  of  potassium,  sodium,  sul 
fate,  and  chloride  concentrations  occurred  at  the 
inflow  t Qr the  pond  system  ( SS-19 ) . This  phenome- 
non alsqrMay:  be  related  to  the  variability  of  up- 
stream "inputsi:  (particularly  the  Butte  sewage 
t r e a tmeht\p lant ) and  to  runoff  conditions  which 
were  evident  during  the  April  sampling  episode. 


o Alkalinity  concentrations  decreased  from  inflow  to 
the  outflow  during  the  September,  April,  and  July 
sampling  episodes,  but  increased  during  the  Janu- 
ary sampling  episode.  This  is  probably  caused  by 
the  consumption  of  carbon  dioxide  when  photosynthe 
sis  occurs  at  rates  greater  than  respiration,  and 
the  production  of  carbon  dioxide  when  the  respira- 
tion rate  is  greater  than  that  of  photosynthesis. 


I 


2-63 


10.0 


MINIMI 1 I I I I I 1 I I 1 I I I I I I I r 


i i i i i i i rr 


< 

o 

o 

o 


O 

cri 


o 

00 


o o 

K co 


00 

I 

CM 

ID 

oc 


O 


i— 


(s;iun  pjDpuD}s)  |_jd 


pH  VALUES  AT  SS-19 
SILVER  BOW  CREEK  CERCLA 

WARM  SPRINGS  PONDS 

B24856  E2  FEASIBILITY  STUDY 


o 


i 


I 


The  greatest  magnitude  in  chlorophyll-a  concentra- 
tions and  in  phytoplankton  counts  occurred  at  the 
inflow  to  the  pond  system  from  Silver  Bow  Creek 
(SS-19).  Phytoplankton  counts  consistently  de- 
creased through  the  pond  system.  Silver  Bow  Creek 
has  a large  nutrient  supply  because  of  discharges 
from  the  sewage  treatment  plant  in  Butte.  As  the 
water  moves  through  the  ponds,  most  of  the  nutri- 
ents are  consumed,  resulting  in  less  algae. 


Metals  data  obtained  during  the  diurnal  sampling  events  sug- 
gest the  following: 

, ; * 

Metals  concentrations  decreased  50  to  90  percent 
between  pond  system  inf low-  and  out f lows . 


Diurnal  variations  were  evident"  in  dissolved  zinc 
concentrations  at-.bhe  ^inflow  to  the  pond  system 
(SS-19).  An  example  ofi:  this  phenomenon  for  the 
September  sampling  event  is  shown  on  Figure  2-9. 
These  variations  seem  to  be  related  to  variations 
in  pH 


Dissolved  metals  concentrations  were  higher  in  the 
winter  at  all  sampling  stations  in  the  pond  system. 
Higher  dissolved  metals  concentrations  in  the 
winter  correlate  directly  with  lower  pH  values 
measured  during  winter  sampling  events. 


Based  upon  the  foregoing  analyses,  it  appears  the  Warm 
Spring  Ponds  exhibit  diurnal  and  seasonal  water  quality 
variability.  This  is  especially  pronounced  at  the  inflow  to 
the  system.  Within  the  pond  system,  temperature,  pH, 
dissolved  oxygen,  specific  electrical  conductivity,  and 
chlorophyll-a  varied  diurnally  at  several  locations. 
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FIGURE  2-9 

ZINC  CONCENTRATIONS  AT  SS-19 
SEPTEMBER  1987 

WARM  SPRINGS  PONDS 
FEASIBILITY  STUDY 
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However,  the  pond  system  was  effective  in  reducing  metals 
concentrations  to  near  both  chronic  and  acute  aquatic 
standards  at  the  outflows  from  the  system  during  the  four 
diurnal  sampling  events  (Table  2-11).  Figure  ES-5  shows  an 
example  of  the  metals  reduction  through  the  pond  system. 


The  wide  variability  of  measured  parameters  at  the  inflow  to 
the  pond  system  (SS-19)  is  probably  indicative  of  varying 
inputs  to  Silver  Bow  Creek  upstream  of  the  pond  system  and 
the  diurnal  effects  of  photosynthesis  and  respiration  in  the 
creek. 


Removal  of  metals  in  the  ponds  is  probably  accomplished  by 
physical,  chemical,  and  biologically^  mediated  processes. 

In  the  latter,  increases  in  pH  as  a result  of  photosynthesis 
can  precipitate  metals  as  a re shit,  of  Changing  metals  solu- 
bilities. Another  important  b io lb g ic ally1  mediated  mechanism 
may  be  precipitation  of  calcite  and  coprecipitation  of 
metals  and  phosphorus;  which:  can  'result  from  photosynthetic 
removal  of  carbon  d i o xid d , and -c omp en s a t ing  shifts  in  the  bi- 
carbonate buffering  -system.  Direct  uptake  or  absorption 
of  metals  by  algae:  arid:, aquatic  macrophytes  is  also  probable . 
Both  passive  and  active! uptake  of  metals  and  protons  by 
algae  have  been  demonstrated . 24 


The  diurnal  variation  in  pH  and  dissolved  oxygen  at  pond  lo- 
cations (PS-20,  PS-11B,  and  SS-27)  and  the  pond  outlets  (PS- 
11A,  SS-22,  and  PS-12)  (see  Figure  2-6)  suggests  a fairly 
strong  pattern  of  daily  photosynthesis  and  respiration.  How- 
ever, the  concentrations  of  chlorophyll-a  that  were  measured 


73 

Wetzel,  R.G.,  1975.  Limnology.  Philadelphia:  W.B.  Saunders  Company. 

^ Crist,  R.H.,  K.  Oberholser,  D.  Schwartz,  J.  Marzoff,  D.  Ryder,  and  D.R.  Crist.,  1988. 
Interactions  of  Metals  and  Protons  with  Algae.  Environmental  Sciences  and  Technology. 
22:755-760. 
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do  not  indicate  the  density  of  planktonic  algae  at  the  pond 
stations  that  would  typically  cause  large  variations  in  pH 
and  photosynthetic  precipitation  of  calcite. 25  For  exam- 
ple, Murphy  et  al . observed  calcite  precipitation  in  a natu- 
rally entrophic  lake  with  chlorophyll-a  concentrations  of  up 
to  1 mg/m^  at  the  lake  surface;  they  demonstrated  calcite 
and  phosphorus  precipitation  in  that  lake  during  periods  of 

intense  photosynthesis . 26 

High  phytoplankton  concentrations  are  not  necessary  for  pho- 
tosynthetic precipitation  of  calcite  and  phosphorus  and,  by 
inference,  coprecipitation  of  metals. 27^28  Photosyn- 
thetic precipitation  of  calcite  and  silicate  can:  even  occur 
under  circumstances  of  relatively  low  hardness  and  nutrient 
concentrations.  This  phenomenon  has-been  observed  on  the 
delta  of  the  Flathead  River  at  FlatheM  hake,  Montana. 29 

It  is  likely  that  planktonic  algae/  algal  mats,  and  macrophy- 
tes all  contribute  to  reduction  InCconcentrations  of  metals 
in  flows  through  the  Warm  Springs  '-Ponds . This  condition  was 
evident  in  the  reduced  metals  removal  efficiencies  measured 
during  the  winter  month sh. 

Few  high-flow  data  are  available  to  characterize  the  Warm 
Springs  Ponds  surface  water  quality  under  runoff  conditions 


25  Wetzel,  1975. 

***  Murphy,  T.,P.,  K.J.  Hall,  and  I.  Yesaki,  1983.  Coprecipitation  of  Phosphate  With 
Calcite  in  a Naturally  Entropic  Lake.  Limnology  and  Oceanography.  Vol.  28.  No.  1. 

27 

' Goulder,  R. , 1969.  Interactions  Between  Rates  of  Production  of  a Freshwater 
Macrophyte  and  Photoplankton  in  a Pond.  Oikos . 20:300-309. 

28  Wetzel,  1975. 
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^ Moore,  J.N.,  1983.  The  Origin  of  Calcium  Carbonate  Nodules  Forming  on  Flathead  Lake 
Delta,  Northwestern  Montana.  Limnology  and  Oceanography.  28:646-654. 
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because  of  drier-than-normal  conditions  the  area  experienced 
during  the  remedial  investigation.  Samples  collected  during 
a relatively  high  flow  event  (about  200  cfs)  on  Silver  Bow 
Creek  during  May  1986  did  not  contain  high  metals  concentra- 
tions because  the  majority  of  the  runoff  originated  in  the 
relatively  uncontaminated  German  Gulch  drainage,  a tributary 
to  Silver  Bow  Creek.  The  largest  metals  loads  (arsenic  and 
copper)  to  the  Clark  Fork  River  during  this  event  were 
derived  from  the  Mill-Willow  Bypass  and  Warm  Springs  Creek 
(Figures  2-10  and  2-11).  Data  have  not  been  collected 
during  runoff  events  that  cause  flows  to  b^1|fverted  around 
the  pond  system. 

Fishkills  on  the  upper  Clark  Fork  River  have  occurred  during 
thunderstorm  events.  Analysis  of  £i$h  tissue  by  Montana 
Department  of  Fish,  Wildlife,  and.  Parks  from  one  event  in 
the  summer  of  1986  revealed  c oppd  r . , p o is  oiling  as  the  cause  of 
the  fish  mortality  (MDFWP  file  s\  A/ Although  MDFWP  did  not 
determine  the  source  of  metals  responsible  for  the  kills, 
that  source  most  likely  "cons is tS::  of  tailings  material  along 
the  Mill-Willow  Bypass.  \At:  the  ""time  of  the  1986  fishkill, 
the  ponds  p r ov ide d p to t e c t ion  from  metal  loads  in  Silver  Bow 
Creek,  and  no  direct  diyersion  of  water  occurred  from  Silver 
Bow  Creek  to  the  Mill -Willow  Bypass.  Chapter  4 discusses 
the  probable  cause  "%£ /the  fishkills  in  more  detail. 


GROUNDWATER 


Physical  Characterization 

A shallow  groundwater  system  is  present  throughout  the  year 
in  much  of  the  Warm  Springs  Ponds  Operable  Unit.  The  area 
is  typified  by  bogs  and  swampy  areas.  Four  major  ponded  sur- 
face water  bodies  (Ponds  1,  2,  and  3,  and  the  wildlife 
ponds)  also  influence  local  groundwater  occurrence.  Depth 
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STATION  NUMBER 


LEGEND 


TOTAL 

ACID  SOLUBLE 
DISSOLVED 


SS-19:  SILVER  BOW  CREEK  ABOVE  UPPER  pH  SHACK 
PS- 12:  POND  2 DISCHARGE 

SS-25:  MILL-WILLOW  BYPASS  ABOVE  POND  2 DISCHARGE 
SS-28  WARM  SPRINGS  CREEK  AT  U.S.G.S  GAGING  STATION 
SS-29:  CLARK  FORK  RIVER  AT  PERKINS  LANE  BRIDGE 
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FIGURE  2-10 

ARSENIC  LOADS 

MAY  31,  1986 
WARM  SPRINGS  PONDS 
FEASIBILITY  STUDY 


STATION  NUMBER 


LEGEND 


TOTAL 

ACID  SOLUBLE 
DISSOLVED 


SS-19:  SILVER  BOW  CREEK  ABOVE  UPPER  pH  SHACK 
PS-12:  POND  2 DISCHARGE 

SS-25.  MILL-WILLOW  BYPASS  ABOVE  POND  2 DISCHARGE 
SS-28:  WARM  SPRINGS  CREEK  AT  U.S.G.S.  GAGING  STATION 
SS-29:  CLARK  FORK  RIVER  AT  PERKINS  LANE  BRIDGE 


FIGURE  2-11 

COPPER  LOADS 

MAY  31,  1986 
WARM  SPRINGS  PONDS 
FEASIBILITY  STUDY 
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to  groundwater  below  ground  surface  ranges  from  about  1 foot 
to  10  feet.  Groundwater  levels  fluctuated  approximately 
2 feet  during  1988;  highest  groundwater  levels  occurred  dur- 
ing spring,  and  lowest  groundwater  levels  generally  occurred 
during  fall-winter  months. 

Aquifers  present  at  the  site  are  generally  in  coarse-grained 
deposits  within  the  Quaternary  and  Tertiary  unconsolidated 
material.  The  uppermost  aquifer  at  the  site  is  a 10-  to  15- 
foot-thick  sand  and  gravel  unit,  which  is  typically  present 
approximately  10  feet  below  ground  surf ace ./"This  sand  and 
gravel  aquifer  appears  to  be  present  throughout  most  of  the 
site.  .::fV  h 

The  near- surface  aquifer  is  typically  underlain  by  rela- 
tively low  permeability  fine-grained  Units  that  locally  act 
as  aquitards.  The  thickness  of  the  aquitard  ranges  from 
approximately  2 to  7 feet . The  ^aquitard  is  not  laterally 
continuous  throughout  the  entire ^a tea . A fine-  to  medium- 
grained sand  unit  typ fcaiily  underlie s the  aquitard  at  depths 
ranging  from  15  to  ,25,  feet  helot/  ground  surface.  Beneath 
the  sand  unit  are  A Iter ha ting  sequences  of  fine-  and  coarse- 
grained units  thdt  are  not  laterally  correlatable . Ground- 
water  is  generally  encountered  in  many  of  the  coarse-grained 
deeper  units. 

Groundwater  movement  through  the  site  is  generally  south  to 
north,  although  a significant  component  of  groundwater 
enters  from  the  Opportunity  Ponds  area  to  the  southwest. 
Figure  2-12  is  a potentiometric  map  showing  groundwater  move- 
ment in  the  area.  Average  groundwater  gradients  associated 
with  Silver  Bow  Creek  entering  from  the  south  are  on  the 
order  of  0.3  percent;  the  groundwater  component  entering 
from  the  southwest  exhibits  a gradient  of  approximately 
0.7  percent.  A separate  groundwater  system  enters  the  Warm 
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Springs  Ponds  Operable  Unit  from  the  foothills  east  of  the 
site.  Available  data  indicate  this  groundwater  system  exhib- 
its a subtle  gradient  to  the  west  of  a magnitude  similar  to 
that  system  entering  the  area  from  the  south. 

Vertical  groundwater  gradients  also  exist  between  the  vari- 
ous aquifers  present  in  the  Warm  Springs  Ponds  Operable  Unit. 
Most  data  on  this  phenomenon  are  for  the  area  north  of 
Pond  1.  The  magnitude  of  the  measured  vertical  gradients  in 
the  groundwater  system  north  of  Pond  1 ranges  .from  approxi- 
mately 4 percent  upward  to  0.4  percent  downward . Metals  con- 
tamination at  the  site  is  generally  related  .td,  the  three- 
dimensional  mechanics  of  groundwater  movement  l;:,  Relatively 
higher  concentrations  of  arsenic  and-  cadmium  are -present  in 
the  area  north  of  Pond  1,  which  exhibits  an  upward  ground- 
water  gradient. 

Slug  tests  were  completed  at  all:,  monitoring  wells  in  the 
Warm  Springs  Ponds  Oper ab le:  ;Unit  \ Slug  tests  involve  insert- 
ing or  extracting  a cy  1 ihd  r £ cal  app  a r a t u s of  a known  dimen- 
sion into  the  well  .and  monitorifig  the  reaction  of  water 
levels  within  tlqe  wdllsli  These  data  indicate  aquifers  in 
the  area  exhibit  permeabilities  ranging  from  40  to  400  gpd / 
ft^ . Pumping  t e sts  ^ cons t ant  drawdown  tests ) completed  at 
wells  constructed  nbpth  of  Pond  1 and  adjacent  to  the  Mill- 
Willow  Bypass  produced  permeability  values  in  the  shallow 
sand  and  gravel  on  the  order  of  1,500  to  2,000  gpd/ft^.  The 
pumping  test  data  are  more  characteristic  of  site  hydrogeolo- 
gic conditions  than  slug  test  data  because  of  the  length  of 
pumping  tests  and  the  ability  of  the  pumping  tests  to  stress 
the  aquifers. 

Permeabilities  are  generally  higher  in  the  uppermost  sand 
and  gravel  aquifer  as  compared  to  the  subjacent  sand  aquifer. 
Based  on  pumping  test  data,  the  hydraulic  connection  is  weak 
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between  the  shallow  sand  and  gravel  aquifer  and  the  underly- 
ing sand  aquifer.  Total  groundwater  flux  exiting  the  pond 
system  north  of  Pond  1 through  the  shallow  sand  and  gravel 
aquifer  is  approximately  1 cubic  foot  per  second  (cfs). 30 


The  volume  of  groundwater  currently  entering  the  Mill-Willow 
Bypass  from  the  Warm  Springs  Ponds  is  approximately  2.5  cfs. 
The  majority  of  this  inflow  appears  to  enter  the  Bypass  in 
the  area  adjacent  to  ponded  water  in  Ponds  2 and  3 and  the 
wildlife  ponds  because  of  the  hydraulic  head  difference  be- 
tween the  elevation  of  water  in  the  ponds  and/the  elevation 
of  water  in  the  bypass  channel.  Inflow  of  groundwater  to 
the  bypass  is  also  derived  from  the  Opportunity  Ponds  area, 
west  of  the  bypass  channel.  Calculated  inflow  to  the  bypass 
channel  from  this  source  is  approximately  0 . 7 cfs.  Synoptic 
flow  measurements  in  the  byp a s s: channel  during  a time  period 
in  which  the  surface  water  of  Miliband  Willow  Creeks  was 
being  diverted  into  Pond  3 conf irmed-  the se  groundwater  in- 
flow calculations. 


Quality  Characterization 


Groundwater  quality  data  were  generated  through  sampling  of 
19  monitoring  wells  on  two  occasions  (January  and  May,  1988) 
Fourteen  of  the  19  wells  were  constructed  as  well  pairs  to 
provide  groundwater  quality  data  from  both  the  shallow  sand 
and  gravel  aquifer  and  the  underlying  sand  aquifer.  Fig- 
ure 2-13  shows  the  locations  of  the  monitoring  wells  at  the 
site.  Table  2-13  summarizes  groundwater  quality  data  for 
these  monitoring  wells.  Figures  2-14  through  2-18  depict 
spatial  relationships  in  groundwater  chemistry  in  both  the 
shallow  and  deeper  aquifers. 


30 


CH2M  HILL,  1989. 
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Table  2-13 

GROUNDWATER  QUALITY  DATA  SUMMARY 
WARM  SPRINGS  PONDS  OPERABLE  UNIT 


Maximum 

Contaminant  Level3 

Maximum  Minimum  Average  Number  (Montana  G round - 

Parameter  Concentration3  Concentration3  Concentration3  of  Samples  water  Regulations) 


Upgradient  Monitoring  Wells 


Arsenic 

6.8 

2.6 

4.3 

8 

50b 

Cadmium 

7.0 

<5.0 

3.4 

8 

10b 

Copper 

9.7 

6.1 

5.8 

8 

l,000c 

Lead 

1.2 

<1.0 

0.84 

8 

50b 

Manganese 

22.0 

<3.0 

7.3 

8 

50c 

Zinc 

21.2 

4.7 

10.3 

7 

5 , 000c 

Iron 

28.0 

<15.0 

19 

8 

300c 

Sulfate  (mg/1) 

68.0 

23 

49 

8 

250c 

Mill-Willow  Bypass 

(Shallow  Wells) 

Arsenic 

41.0 

<2.0 

9.2 

10 

50b 

Cadmium 

11.7 

<5.0 

3.7 

%.  10 

10b 

Copper 

15.0 

<6.0 

4 . 6 

-=!:,  10 

l,000c 

Lead 

18.0 

<1.0 

2.5 

':L.  '\I0 

50b 

Manganese 

14,500 

45 

4,755  jf  V 

50c 

Zinc 

1,250 

12.7 

265- 

-%io\ 

5 , 000c 

Iron 

4,000 

25.0 

8 .05 

IQ: 

300c 

Sulfate  (mg/1) 

1,130 

60.0 

10 

250c 

Mill-Willow  Byp 

ass 

(Deep  Wells) 

Arsenic 

<2.0 

<2.0 

1 . 1 %. 

8 

50b 

Cadmium 

5.2 

<5.0 

!!:  8 

10b 

Copper 

7.1 

<6.0 

•h.  • CP"-1::;;.. 

8 

l,000c 

Lead 

2.0 

<1.0 

% \ Pi'l::::  IF 

8 

50b 

Manganese 

8,550 

7.0 

% WiM 

8 

50c 

Zinc 

38.0 

6J2 

!|  22. 2 

8 

5 , 000c 

Iron 

70 

<15::":%  1! 

1=  5 33 

8 

300c 

Sulfate  (mg/1) 

1,060 

f 92.0  | 1= 

\ ,494 

8 

250c 

Downgradient  of 

Pond  1 (Shallow  Well's),  ,f:"" 

Arsenic 

197.0 

<2\,  0 

28.0 

14 

50b 

Cadmium 

12.7  ;lr'  

3.6 

14 

10b 

Copper 

15.9  ,:r:"  "!!% 

. 36.0  %,  J 

5.8 

14 

l,000c 

Lead 

<2 . G::  .if 

1:  <1.0 

2.0 

14 

50b 

Manganese 

31 , 60 6% 

:j|  3P9 

10,297 

14 

50c 

Zinc 

253 

■f  1 6H.  3 

89.0 

14 

5 , 000c 

Iron 

80,900  % 

" ;:F  45 

16,220 

14 

300c 

Sulfate  (mg/1) 

1,620  "%=, 

Jr  250 

950 

14 

250c 

Downgradient  of 

Pond  1 (Deep  Wells) 

Arsenic 

<3.0 

<2.0 

1.0 

13 

50b 

Cadmium 

8.4 

<5.0 

4.3 

13 

10b 

Copper 

<8.0 

<6.0 

3.5 

13 

i,ooo£ 

Lead 

<2.0 

<1.0 

0.8 

13 

50b 

Manganese 

4,460 

3.0 

577 

13 

50c 

Zinc 

43 

6.2 

19.8 

13 

5 , 000c 

Iron 

409 

<15 

52 

13 

300c 

Sulfate  (mg/1) 

1,150 

55 

531 

13 

250c 

b All  values  in  ug/1  unless  otherwise  noted. 
c Primary  standard  (based  on  health  criteria) . 

Secondary  standard  (based  on  suitability  criteria) . 

Notes : 

1.  Upgradient  wells  include  WSP-GW-01,  06,  and  09  (Figure  2-13). 

2.  Shallow  wells  are  generally  less  than  15  feet  deep;  deep  wells  are  generally  25  to  40  feet  deep. 

3.  Mill-Willow  shallow  wells  include  WSP-GW-07S,  08S,  15S,  16S,  and  17  (Figure  2-13). 

4.  Mill-Willow  deep  wells  include  WSP-GW-07D,  08D,  15D,  and  16D  (Figure  2-8). 

5.  Shallow  wells  downgradient  of  Pond  1 include  WSP-GW-02S,  03S,  05,  12S,  13S,  14S,  and  19S 

(Figure  2-13) . 

6.  Deep  wells  downgradient  of  Pond  1 include  WSP-GW-02D,  03D,  04,  12D,  13D,  14D,  and  19D 

(Figure  2-13) . 

7.  Average  values  calculated  using  one-half  detection  limit,  when  applicable.  January  and  May 

1988  data. 

ss/CVOR108/037.wp 
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Groundwater  beneath  Ponds  2 and  3 may  be  contaminated  also. 
Wells  were  not  installed  to  determine  the  quality  of  the 
groundwater  beneath  the  two  ponds.  Given  the  hydrogeology 
of  the  site,  contaminated  groundwater  under  the  ponds  would 
flow  north  and  be  detected  at  the  northern  end  of  the  pond 
system. 


Several  parameters  measured  in  groundwater  samples  collected 
from  monitoring  wells  indicate  the  groundwater  system  within 
the  operable  unit  is  degraded  from  the  southern  end  of 
Pond  3 to  north  of  the  northern  edge  of  the/hr^a.  The  best 
examples  of  parameters  indicative  of  degraded  groundwater  in 
the  operable  unit  are  sulfate,  iron,  and;  manganese . The  ap- 
proximate extent  of  groundwater  contamination  based  upon 
these  parameters,  pore  water  data  from -Ponds  2 and  3,31 
and  results  of  an  electromagnetic;;,.survey  ^completed  in  the 
area  is  shown  on  Figure  2-19. 


The  electromagnetic  survey  was  completed  using  an  instrument 
capable  of  externally  measuring  -the  specific  conductance  of 
shallow  g r oundw a t e r-in;;  the  area?1  This  type  of  study  pro- 
vides a means  of  mapping:  the  "lateral  extent  of  groundwater 
contamination  based  upon  differing  specific  conductivity  val 

ues . 32 


Groundwater  quality  data  for  monitoring  wells  located  be- 
tween the  Warm  Springs  Ponds  and  the  Mill-Willow  Bypass  indi 
cate  elevated  metals  concentrations  compared  to  upgradient 
monitoring  wells.  Only  one  sample  obtained  from  monitoring 
wells  located  adjacent  to  the  bypass  exceeded  maximum 


31  CH2M  HILL,  1989. 

3? 

For  results  of  the  electromagnetic  survey,  see  CH2M  HILL,  1989. 
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ARSENIC 

SHALLOW 
SAND  AND  GRAVEL  AQUIFER 


LEGEND 

A Phase  I and  II  Rl  Monitoring  Wells 
4.9  Sampled  December  1987  and  January  1988 
(3.0)  Sampled  May,  1988 

• U.S.G.S.  Monitoring  Wells 
Sampled  January  1987 

■ Anaconda  Smelter  Rl  Monitoring  Wells 
Sampled  October  1985 


ARSENIC 

DEEPER 
SAND  AQUIFER 


NTS 
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FIGURE  2-14 

CONCENTRATIONS  OF 
DISSOLVED  ARSENIC  IN 
GROUNDWATER  (^g/l) 

WARM  SPRINGS  PONDS 
FEASIBILITY  STUDY 


LEGEND 

A Phase  I and  II  Rl  Monitoring  Wells 
13  Sampled  December  1987  and  January  1988 
(12.7)  Sampled  May,  1988 
• U.S.G.S.  Monitoring  Wells 
Sampled  January  1987 


NTS 


■ Anaconda  Smelter  Rl  Monitoring  Wells 
Sampled  October  1985 
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FIGURE  2-15 

CONCENTRATIONS  OF 
DISSOLVED  ZINC  IN 
GROUNDWATER  (x<g/l) 

WARM  SPRINGS  PONDS 
FEASIBILITY  STUDY 


LEGEND 

A Phase  I and  II  Rl  Monitoring  Wells 
22  Sampled  December  1987  and  January  1988 
(7.1)  Sampled  May,  1988 

• U.S.G.S.  Monitoring  Wells 
Sampled  January  1987 

■ Anaconda  Smelter  Rl  Monitoring  Wells 
Sampled  October  1985 


NTS 
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FIGURE  2-16 

CONCENTRATIONS  OF 
DISSOLVED  MANGANESE  IN 
GROUNDWATER  ^g/l) 

WARM  SPRINGS  PONDS 
FEASIBILITY  STUDY 


LEGEND 

V 

A Phase  I and  II  Rl  Monitoring  Wells 
63  Sampled  December  1967  and  January  1988 
(71.2)  Sampled  May,  1988 

• U.S.G.S.  Monitoring  Wells 
Sampled  January  1987 


NTS 


Anaconda  Smelter  Rl  Monitoring  Wells 
Sampled  October  1985 
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FIGURE  2-17 

CONCENTRATIONS  OF 
DISSOLVED  SULFATE  IN 
GROUNDWATER  (^g/|) 

WARM  SPRINGS  PONDS 
FEASIBILITY  STUDY 


LEGEND 

A Phase  I and  II  Rl  Monitoring  Wells 
3.63  Sampled  December,  1987  and  January,  1988 
(8.65)  Sampled  May,  1988 
• U.S.G.S.  Monitoring  Wells 
Sampled  January,  1988 


NTS 


Anaconda  Smelter  Rl  Monitoring  Wells 
Sampled  December,  1985 
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FIGURE  2-18 

CONCENTRATIONS  OF 
DISSOLVED  IRON  IN 
GROUNDWATER  (mg/I) 

WARM  SPRINGS  PONDS 
FEASIBILITY  STUDY 
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WARM  SPRINGS 


OPPORTUNITY 
PONDS 


GROUNDWATER  CONTAMINATION 
(AS  RELATED  TO  Fe,  Mn,  AND 
S04  CONCENTRATIONS) 


A LOCATION  OF  GROUNDWATER 
MONITORING  WELLS 


FIGURE  2-19 

EXTENT  OF 
GROUNDWATER 
CONTAMINATION 
(SECONDARY  CONTAMINANTS) 


A26  WARM  SPRINGS  PONDS 

WSP-GW  FEASIBILITY  STUDY 


contaminant  levels  (MCLs)  for  primary  drinking  water 
standards.  The  sample  was  obtained  from  Monitoring  Well 
WSPGW-17  (Figure  2-13)  located  just  north  of  the  northwest 
corner  of  Pond  1.  This  sample  contained  a cadmium  concentra 
tion  of  11.7  yg/1  which  is  slightly  in  excess  of  the  stan- 
dard for  cadmium  of  10.0  pg/1.  The  data  also  indicate 
groundwater  quality  generally  improves  with  depth  along  the 
course  of  the  bypass  channel. 


Data  obtained  from  the  area  west  of  the  Mill-pillow  Bypass 
suggest  a separate  metals  contaminant  source  (particularly 
iron,  arsenic,  and  sulfate)  in  the  vicinity -qfxthe  Opportu- 
nity Ponds  (Figures  2-14,  2-17,  and  2-1%.  Because  the 
bypass  channel  acts  as  a drain  for  the" local  groundwater 
system,  it  is  probable  that  groundwatef  contamination  in  the 
Opportunity  Ponds  area  affects  the,. quality,  of  water  in  the 
Mill-Willow  Bypass.  The  c omb ine d : inputs,  o f the  Opportunity 
Ponds  and  Warm  Springs  Ponds,  groundwater  systems  to  the  Mill 
Willow  Bypass  result  iu/inctedses\df  metals  loadings  along 
the  bypass  on  the  o r dek  6=£  ,3  Q p ere  in  t during  baseflow 
conditions  (13  cf Sybase  flow) . 


On  the  basis  of%hydraulid  calculations  described  previously, 
it  appears  the  majhotlty  :l:Of  seepage  into  the  bypass  from 
groundwater  sources  "occurs  in  the  upper  half  of  the  bypass 
channel  in  the  area  adjacent  to  Ponds  2 and  3. 


Groundwater  quality  downgradient  of  Pond  1 is  generally  of 
poorest  quality  immediately  below  the  Pond  1 berm;  most 
metals  attenuate  to  the  north,  or  downgradient  of  the  pond 
system  (Figures  2-14,  2-15,  and  2-16).  Concentrations  of 
most  metals  also  decrease  with  depth.  Highest  concentra- 
tions of  metals  are  generally  associated  with  the  shallow 
sand  and  gravel  aquifer  in  the  area  immediately  below  the 
Pond  1 berm. 
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Table  2-14  summarizes  exceedances  of  primary  and  secondary 
drinking  water  standards  in  monitoring  wells  sampled  in  the 
Warm  Springs  Ponds  Operable  Unit  during  the  Phase  II  reme- 
dial investigation.  Wells  exceeding  primary  standards  for 
arsenic  and  cadmium  include  those  completed  in  the  shallow 
sand  and  gravel  aquifer  and  are  primarily  located  within 
Pond  1 and  downgradient  of  Pond  1 along  the  eastern  margin 
of  the  valley.  Figure  2-20  shows  the  approximate  extent  of 
groundwater  contamination  in  the  Warm  Springs  Ponds  Operable 
Unit  that  exceeds  primary  drinking  water  standards  for  arse- 
nic and  cadmium. 

Secondary  standard  exceedances  for  manganese  and iron  were 
measured  in  wells  located  adjacent  #b,|f€he:-;;|Iill -Willow 
Bypass,  within  Pond  1,  and  downgradient  of  Pond  1.  Sulfate 
is  also  elevated  in  the  groundwater  below  Pond  1 with  re- 
spect to  upgradient  monitoring  wells  (Figure  2-17).  The 
highest  measured  sulfate  cnncentratiori^  are  over  1,200  mg/1. 
Sulfate  also  appears  t ©/decrease  :jin  concentration  downgrad- 
ient of  the  pond  sy s t emi, "-although::  the  data  indicate  less 
change  in  sulfate  concentrations  vertically. 

Samples  were  obtained  from  specially  constructed  monitoring 
wells  (located  upgradient,  within,  and  downgradient  of  the 
Warm  Springs  Ponds)  for  analyses  for  Routine  Analytical  Serv- 
ices target  compound  list  (TCL)  organic  constituents.  The 
analyses  indicate  no  concentrations  above  contract  required 
detection  limits.  The  TCL  includes  analyses  for  volatile 
and  semivolatile  organic  compounds  in  addition  to  pesticides 
and  PCBs. 

As  stated  previously,  groundwater  quality  generally  improves 
with  depth,  suggesting  groundwater  contamination  is  limited 
primarily  to  the  shallow  sand  and  gravel  aquifer. 
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Table  2-14 

EXCEEDANCES  OF  MONTANA  PRIMARY  AND  SECONDARY  DRINKING  WATER  STANDARDS 
IN  GROUNDWATER  SAMPLED  IN  THE  WARM  SPRINGS  PONDS  OPERABLE  UNIT 


Well  No. 

Number  of 
Samples 

WSP-GW-02S 

2 

WSP-GW-04 

2 

WSP-GW-05 

2 

WSP-GW-13D 

2 

WSP-GW-13S 

2 

WSP-GW-18S 

2 

WSP-GW-07S 

2 

WSP-GW- 1 ID 

2 

WSP-GW- 1 IS 

2 

WSP-GW- 17 

2 

WSP-GW- 19S 

2 

WSP-GW-02D 

1 

WSP-GW- 1 OS 

2 

WSP-GW- 16S 

2 

WSP-GW-03D 

2 

WSP-GW-03S 

2 

WSP-GW-08S 

2 

WSP-GW- 10D 

2 

WSP-GW- 12S 

2 

WSP-GW- 14D 

2 

WSP-GW- 14S 

2 

WSP-GW- 15D 

2 

WSP-GW- 15S 

WSP-GW- 19D 

% % 

WSP-GW- 16D 

2%.  % 

WSP-GW- 18D 

2 '% 

Number  ol 

Primary  Standards^ 
As  Cd 

2 1 

1 

1 1 

1 


Exceedances3 

Secondary 
Standards12 


Mn  Fe  SO/, 

2 2 2 

2 

2 2 2 

2 

2 2 2 

1 2 

2 1 

\ 2 2 2 

2 2 2 

'X  1==  2 2 2 

: 2 2 2 

1 1 1 

1 2 

2 1 2 

2 2 

2 2 

1 2 

2 2 

2 2 

2 2 

2 2 

2 
2 

2 2 

2 2 

2 2 


aBased  on  dissolved  concentrations. 


^Montana  Groundwater  Regulations,  ARM  16.20.1003(4),  incorporating 
ARM  16.20.203,  which  sets  forth  primary  MCLs . Does  not  include  naturally 
occurring  fluoride  exceedances.  Fluoride  exceedances  are  described  in 
CH2M  HILL,  1989. 


CEPA  National  Secondary  Drinking  Water  Regulations,  40  CFR  Part  143. 


Note:  Well  locations  shown  on  Figure  2-13. 

Source:  CH2M  HILL,  1989. 


ss/CVOR 108/042 .WP 
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Manganese,  for  example,  averages  13,455  ug/1  in  the  shallow 
aquifer  and  440  ug/1  in  the  deeper  aquifer.  Calculations  of 
groundwater  input  from  the  area  below  Pond  1 to  the  Clark 
Fork  River  indicate  the  groundwater  system  contributes  very 
little  loading  to  the  river  because  of  the  relatively  low 
permeability  and  low  gradient  exhibited  by  the  shallow  aqui- 
fer. Under  average  conditions,  the  flow  in  the  Clark  Fork 
River  is  approximately  137  cfs,  while  the  estimated 
groundwater  input  is  approximately  1.0  cfs. 


AIR 


The  air  is  not  generally  one  of  the 
this  feasibility  study,  but  it  is  a pa 
the  tailings  deposits  and  contaminated 
of  strong  winds. 


media  for 
• for  exposure  to 
soils  during  periods 


Dust  and  sand  were  observed-blowing  from  tailings  deposits 
areas  between  Ponds  2 and  3y;h;  froiAthe  western  two-thirds  of 
Pond  1,  from  tailings  po  sits-  are  A s in  the  southern  portion 
of  Pond  3,  and  frop- areas  below  Pond  1 on  at  least  four  occa 
sions  during  summer  mbnths  in H 1985  and  1986 . 33  Prevailing 
winds  at  the  site  average! 6 to  8 knots  in  velocity  and  are 
generally  from  th£\ south  (Figure  2-21). 


Modeling  of  the  potential  impacts  from  air-entrained  particu 
lates  was  conducted  as  part  of  the  Public  Health  and  Environ 
mental  Assessment  (see  Appendix  A). 


33 


Northern  Engineering  and  Testing, 


staff  observations. 
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KEY 

1-3  KNOTS 
3-6  KNOTS 
6-10  KNOTS 
10-16  KNOTS 
16-21  KNOTS 
GREATER  THAN  21  KNOTS 


NOTE:  1 KNOT  =1.15  MPH 

RADIAL  LENGTH  IS  PERCENT 
OF  TOTAL  OBSERVATIONS 


SOURCE: 

AMC  INTERNAL  DATA 


FIGURE  2-21 

WIND  SPEED  AND  DIRECTION 
AT  OPPORTUNITY  PONDS,  1984 

WARM  SPRINGS  PONDS 
FEASIBILITY  STUDY 


PREVIOUS  STUDIES  OF  REMEDIAL  ACTIONS 


Previous  studies  of  remedial  actions  at  the  Warm  Springs 
Ponds  Operable  Unit  were  completed  by  International 
Engineering  Company^  (IECO)  and  Hydrometrics^  for  the 
Anaconda  Minerals  Company.  IECO  completed  geotechnical  and 
hydrologic  studies  of  the  pond  system  to: 


Evaluate  the  existing  condition  of  the  embankments 
and  structures 

/ f ’ 

Determine  the  potential  for  flooding  -and  the  abili- 
ties of  the  ponds  and  structures  to  pass  standard 
design  floods 


o Recommend  modificati 

safety  of  the  tailin 

o Develop  conce 

tions 

Recommendations 


d improve  the 


for  developed  modifica- 


ECO  included  the  following: 


1.  Provide  for  dqritrol  of  seepage  and  improve  the  stabil- 
ity of  two  sections  of  the  existing  embankments  by  con- 
structing toe  berms 


2.  Enlarge  and  extend  the  embankment  along  the  Mill-Willow 
Bypass  channel  to  prevent  overtopping  of  the  dams  by 
potential  floods  from  Silver  Bow  Creek 


y. 

International  Engineering  Company  (IECO),  1981.  Geotechnical  and  Hydrologic 
Studies.  Warm  Springs  Tailings  Ponds,  Anaconda.  Montana.  Prepared  for  Anaconda  Copper 
Company , Denver . 

Hydrometrics,  1983. 
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3„  Excavate  emergency  spillways  in  dams  that  form  Ponds  1, 
2,  and  3 to  protect  the  embankments  from  overtopping  by 
floods  entering  from  the  east 

4.  Install  erosion  protection  along  the  bypass  channel 

5.  Institute  a periodic  program  for  monitoring  water 
levels  in  the  berms 


Hydrometrics  completed  an  evaluation  of  rehabilitation  op- 
tions for  the  Warm  Springs  Ponds.  Four  options  for  future 
use  of  the  pond  system  were  presented: 

f/  w 

Continue  present  pond  operation 
Remove  tailings  and  sediment  and 
Drain  the  ponds  and  revegehate 
Drain  the  ponds  and  apply  %\g:favel- 


1. 

2. 

3. 

4. 


/y 

evegetate 


ihlch 


Hydrometrics  recommended  :to  Vpnt inue  to  operate  the  ponds  as 
they  have  been  and  consider"  implementation  of  dike  modifica- 
tions recommended  by  :1EC 

// 

Most  of  the  remedial  actions  recommended  in  the  IECO  and 
Hydrometrics  repobtd-liave  not  been  implemented  at  the  Warm 
Springs  Ponds,  though,  some  work  was  done  in  1987  to  extend 
the  Pond  3 berm  to  keep  floods  out  of  that  pond. 


ss/CVOR108/031.wp 
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Chapter  3 

SUMMARY  OF  THE  APPLICABLE  OR  RELEVANT  AND  APPROPRIATE 
REQUIREMENTS,  AND  THE  PUBLIC  HEALTH  AND 
ENVIRONMENTAL  ASSESSMENT 


INTRODUCTION 

This  chapter  presents  a brief  summary  of  the  applicable  or 
relevant  and  appropriate  requirements  ("ARARs")  and  the  Pub- 
lic Health  and  Environmental  Assessment  (PHpA>:|i:for  the  Warm 
Springs  Ponds  Operable  Unit.  The  ARARs  summary  consolidates 
state  and  federal  ARARs  by  identifying  ohly  those  that  are 
most  stringent,  thereby  avoiding  unnecessary  duplication. 

For  a more  detailed  presentation  of\the  PHEA  and  a complete 
listing  of  state  and  federal  ARARs,  see  Appendixes  A and  B, 
respectively. 


APPLICABLE  OR  RELEVANT  AND  APPROPRIATE  REQUIREMENTS 


DEFINITIONS 


The  cornerstone  of  remedial  actions  undertaken  pursuant  to 
the  Superfund  program  .lies  in  the  satisfaction  of  applicable 
or  relevant  and  appropriate  state  and  federal  require- 
ments. 1 ARARs  are  the  basic  standards  by  which  all 
aspects  of  hazardous  substance,  pollutant,  and  contaminant 
cleanup  is  measured.  With  only  a few  exceptions,  ARARs 


^ When  ARARs  do  not  exist  for  a particular  chemical  or  when  the  existing  ARARs  are  not 
protective  of  human  health  or  the  environment,  pertinent  advisories  or  guidance  issued  by 
federal  or  state  agencies  should  also  be  considered.  United  States  Environmental 
Protection  Agency  (USEPA) , 1988a.  Draft  Guidance  CERCLA  Compliance  With  Other  Laws  Manual. 
Washington,  DC.  1-59. 
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serve  as  a floor  below  which  cleanup  standards  may  not  fall. 
They  are  "threshold  criteria. "2  Accordingly,  remedial 
action  alternatives  developed  in  this  feasibility  study  are 
presented  in  relation  to  whether  they  satisfy  ARARs . 

A distinction  exists  between  "applicable"  requirements,  and 
those  that  are  "relevant  and  appropriate."  "Applicable" 
requirements  are  those  federal  requirements,  or  if  state  law 
is  more  stringent,  state  requirements  that  would  legally 
apply  at  the  site  regardless  of  the  CERCLA  action.  "Rele- 
vant and  appropriate"  requirements  are  those  requirements 
that  are  not  applicable,  but  address  situations  or  problems 
sufficiently  similar  to  those  at  the  s it#" and\  therefore, 
are  well  suited  for  use  at  the  site .,3"  /Tor  example,  a 
requirement  would  be  "relevant  and  appropriate"  rather  than 
"applicable"  if  a jurisdictional,  restriction,  such  as  the 
effective  date  of  a statute,  precluded  the  statute  from 
applying.  Despite  falling  outs ide  = the-,:te chni c a 1 time  bar, 
the  statute,  nonetheless,  would  provide  a "relevant  and 
appropriate"  standard  iifoir  the  purposes  of  Superfund  cleanup. 

Both  applicable  a#  relevant  and  appropriate,  re- 

quirements areCadbpted  pri  a site-by-site  basis. ^ Identi- 
fication of  "applicabl#'/ requirements  is  based  on  an  objec- 
tive standard.  Greater  flexibility  exists  in  identifying 
"relevant  and  appropriate"  requirements,  based  on  the  lead 


o 

USEPA,  1988b.  Guidance  for  Conducting  Remedial  Investigations  and  Feasibility 
Studies  Under  CERCLA.  (Interim  Final,  October  1988).  6-5. 

2 CERCLA  § 121(d)(2)(A),  42  USC  9621(d)(2)(A);  40  CFR  300.6  (1985).  See  also 
Memorandum  on  CERCLA  Compliance  with  Other  Laws,  50  Fed.  Reg.  47,946,  47,947  (Nov.  20, 
1985);  and  USEPA,  1988a.  1-10. 

A 

H 50  Fed.  Reg.  47,918  (Nov.  20,  1985). 


4 


3-2 


agency’s  (State  of  Montana’s)  best  professional  judg- 
ment . ^ 


Attainment  of  both  "applicable"  as  well  as  "relevant  and 
appropriate"  standards  is  equally  mandatory  under  the  Super- 
fund program. ^ Therefore,  both  types  of  requirements 
must  be  accorded  the  same  consideration  in  the  feasibility 
study.  In  addition  to  ARARs , a feasibility  study  must  also 
identify  and  incorporate  other  federal  and  state  "criteria, 
advisories,  and  guidance"  (also  known  as  "TBCs"  or  "To  Be 
Considereds" ) that  ensure  protection  of  human .health  and  the 
environment  and  are  appropriate  for  site  circumstances . 7 

To  the  extent  possible  and  appropriate*  the  remedial  action 
alternatives  developed  in  this  feasibility  study  fall  into 
one  of  the  following  five  categories  Required  by  federal 
regulation:  \ 

o Alternatives  f o p-t  he  a t merit  or  disposal  at  an  off- 
site facility  € ^ ..  V:: 


Alternative^  %ha;h:  Attain  ARARs 


Alternatives /that  exceed  ARARs 


Alternatives  that  do  not  attain  ARARs  but  will 
reduce  the  likelihood  of  present  or  future  threat 
from  the  hazardous  substances  and  provide 


^ Id.  47,919.  See  also  USEPA,  1988a.  1-10. 

6 CERCLA  § 121(d)(2)(A),  42  USC  § 9621  (d)(2)(A);  50  Fed.  Reg.  47,918 

(1985).  See  also  USEPA,  1988a.  1-11. 

7 CERCLA  § 121(d)  (2)  (A),  42  USC  9621(d)  (2)  (A);  40  CFR  300.68(1) (4)  (1985). 
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I 


significant  protection  to  public  health,  welfare, 
and  the  environment;  alternatives  under  this  cate- 
gory will  closely  approach  the  level  of  protection 
provided  by  ARARs 

o A no-action  alternative  8 


The  detailed  analysis  of  alternatives,  contained  in  Chap- 
ter 8 of  this  feasibility  study,  describes  how  each  alterna- 
tive complies  with  ARARs  and  other  identified  advisories, 
criteria,  and  guidance. 9 Appendix  B contains  A comprehen- 
sive description  of  all  federal  and  state  ARARs  for  Warm 
Springs  Ponds.  Below  is  a summary  of  th<5:  ARARs  most  criti- 
cal to  remedy  selection  at  the  site , /organized  by./the  three 
ARARs  categories  ( chemical-specific/, specific , and 
location-specific)  . 


CHEMICAL- SPECIFIC  ARARS 


Chemical-specific  ARARs  :^nc lude : s e laws  and  regulations 
governing  the  release  to% the  environment  of  materials  pos- 
sessing certain  chemical,  olt  physical  characteristics  or  con- 
taining specific  chemical  compounds . Chemical- specific 
ARARs  generally  g^f^-ijiealj^h-  or  risk-based  numerical  values 
or  methodologies  which/  when  applied  to  site-specific  condi- 
tions , result  in  the  establishment  of  numerical  values. 
These  values  establish  the  acceptable  amount  or  concentra- 
tion of  a chemical  that  may  be  found  in,  or  discharged  to, 
the  ambient  environment . " 10  if  a chemical  is  subject  to 


ji 


Q 

40  CFR  300.68(f)(1)  (1985)  and  Memorandum  on  CERCLA  Compliance  with  Other 
Environmental  Laws,  50  Fed.  Reg.  at  47,947  (Nov.  20,  1985). 

9 USEPA,  1988b.  6-6. 

USEPA,  1988a.  xiv. 

i 
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more  than  one  discharge  or  exposure  limit,  the  more  strin- 
gent ARAR  generally  applies. 


The  most  significant  Montana  chemical-specific  ARARs  for  the 
operable  unit  consist  of  standards  protecting  the  quality  of 
surface  and  groundwater  for  human  health  and  environmental 
purposes.  Pertinent  regulations  promulgated  pursuant  to  the 
Montana  Water  Quality  Act  specify  oxygen  concentration,  pH 
level,  turbidity,  and  other  contaminant  levels  to  prevent, 
abate,  and  control  pollution  of  Montana  waters,  effectuate 
Montana’s  nondegradation  policy,  and  protected &He  present  and 
future  most  beneficial  uses,  including  recreational , agricul 
tural,  wildlife  propagation,  and  other  b#Uef ihiad  uses  of 
Silver  Bow  Creek  and  the  Clark  Fork  River«;:  Surface  waters 

flowing  from  the  operable  unit  may  no because  exceedances  of 
the  following  hardness-based  limits  f dr  ambient  water  concen 
trations  of  toxic  or  deleter i ou s v s;uB st ances  to  protect 
aquatic  life: H 


Constituent 

Cadmium 

Copper 

Lead 

Silver 

Zinc 


Acute  Level  ( mg.7 1 V Chronic  Level  (mg/1) 


Q.Q039 
(h:0L8 
\:0 . 68  2 
0.0041 
fO.12 


0.0011 

0.012 

0.0032 

0.00012 

0.11 


A hardness  of  100  mg^JT  was  assumed  for  these  limits.  One 
hundred  was  the  average  hardness  detected  during  surface 
water  testing  at  the  operable  unit.  The  following  limits 
apply,  as  well,  for  ambient  water  concentrations  of  toxic  or 
deleterious  substances  to  protect  public  health  from 
ingestion  of  contaminated  water  and  fish: 12 


11  ARM  16.20.622(h)(1),  incorporating  by  reference  "Gold  Book"  freshwater  acute  and 
chronic  levels  for  water  and  fish  ingestion  listed  in  Update  Number  Two  (5/1/87)  of 
Quality  Criteria  for  Water  1986  (EPA  440/5-86-001). 
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Constituent 

Arsenic 

Iron 

Mercury 

Selenium 


Water  and  Fish 
Ingestion 

2.2  ng/1 
0.3  mg / 1 

144.0  ng/1 

10.0  ug/1 


Fish 

Consumption  Only 
17.5  ng/1 

146.0  ng/1 


The  values  presented  above  for  arsenic  represent  a human 
risk  level  of  1 x 10“6  based  on  human  health  criteria  for 
carcinogens . 


The  point  of  compliance  for  ambient  surface  ^ater  standards 
will  be  defined  by  the  lead  agency  in  the  ROD.  It  is 
expected  to  be  just  above  the  confluence;:  of  the,  pond  system 
with  Warm  Springs  Creek.  This  confluence  defined the 
beginning  of  the  Clark  Fork  River. 


Regulations  promulgated  pursuant :: Mohtaha ’ s Public  Water 
Supply  Act  govern  the  quality  and  potability  of  public  water 
supplies  and  domestic  uses  The?  pub  lie  water  supply  regu- 
lations establish  maximum  contaminant  levels  (MCLs)  to  pro- 
tect public  health  f o r tgahid-, and  inorganic  chemicals, 
turbidity,  and  micr 6b iq ldg i da 1 contamination.  They  also 
establish  secondary  maximumWontaminant  levels  to  protect 
public  welfare Because  surface  and  groundwater  within  the 
operable  unit  is  hqt'-used  presently  as  a drinking  water 
source,  public  water-supply  standards  are  not  applicable. 
Nonetheless,  these  standards  are  relevant  and  appropriate 
because,  in  the  future,  surface  and/or  groundwater  within 
the  operable  unit  could  be  used  as  a drinking  water  source. 
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The  following  MCLs  apply  both  to  surface  water  used  for 
drinking  and  to  groundwater : 


Constituent 


Level  (mg/1) 


Arsenic 

Cadmium 

Lead 

Nitrate  (as  N) 
Selenium 


0.05 

0.010 

0.05 

10.0 

0.01 


The  point  of  compliance  for  these  surface  water  and  ground- 
water  requirements  will  be  defined  in  the  R0p;=i;%  It  is 
expected  to  be  just  before  the  confluence  o£  the  Mill-Willow 
Bypass  with  Warm  Springs  Creek.  The  point  of  compliance  for 
groundwater  standards  is  the  waste  management  "unit  boundary. 
Thus,  for  certain  alternatives,  the/grbundwater  point  of 
compliance  will  be  at  the  downs trea#=^d:geis  of  the  ponds. 
Other  alternatives  may  incorporate,,. a gfoundwater  point  of 
compliance  at  the  downstream  edge  of  wetlands  or  groundwater 
treatment  trenches.  W 

Any  point- source  d i s charges"  f r Qiii;:=:t:he  operable  unit  to  the 
Clark  Fork  River  are^elsb^ Siib j ect  to  the  C-2  classification, 
requiring  conformity  t?ith  of  Montana  nondegradation 

rules  and  application  of  the  standards  listed  above  for  ambi- 
ent water  concentrations" (both  to  protect  aquatic  life  and 
to  protect  public  health  from  ingestion  of  contaminated 
water  and  fish)  when  stream  flows  equal  or  exceed  the  mini- 
mum consecutive  7-day  average  flow,  which  may  be  expected  to 
occur  on  the  average  of  once  in  10  years. ^ The  point  of 


13  ARM  16.20.203  and  16.20.1003(4). 

1^  ARM  16.20.622(h) (ii) , incorporating  by  reference  ARM  16.20.631(4). 
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compliance  for  these  discharges  is  at  the  place  of  discharge 
from  the  ponds  into  what  is  now  the  Mill-Willow  Bypass. 


Chemical-specific  ARARs  addressing  operable  unit  air  quality 
under  Montana’s  Clear  Air  Act  will  also  apply  during  and 
after  site  cleanup.  These  standards  will  primarily  apply  to 
the  regulation  of  site  dust  generation  and  include  limita- 
tions on  levels  of  particulate  matter,  lead,  and  air  opa- 
city.^ point  of  compliance  for  opacity  requirements 

lies  at  the  emission  source,  while  the  point  of  compliance 
for  the  remaining  air  quality  standards  liep;' at  the  point  of 
probable  human  exposure  at  the  site  during  remedy  implementa- 
tion.^ Additionally,  Montana’s  Oc cup ataona l:\Hea  1 1 h Act 
limits  noise  levels  and  air  contaminants  in  the  -workplace  to 
protect  human  health  and  safety,  and.  thus /applies  onsite 
during  remedy  implementation. 


Federal  ARARs  governing  water  an<d\ air;:::quality  closely  paral- 
lel the  Montana  c ont aminant.^- sp e c if ic  standards.  Because  the 
state  standards  are  paif’tC o f/de legated  or  authorized  programs 
under  the  Clean  Water  Act,  Safe -Drinking  Water  Act,  and 
Clean  Air  Act,  th€ estate,  standards  are  considered  the  more 
stringent  and  ardL identified  here  as  the  appropriate  require- 
ments. 


I 


ARM  16.8.815,  -.818,  -.821,  and  -.1401(4). 
15  ARM  16.8.1401(4);  40  CFR  Parts  50  and  61. 
17  ARM  16.42.101  and  -.102. 


* 
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No  federal  or  State  of  Montana  chemical-specific  ARARs  exist 
for  sediments  or  soil.  Acceptable  concentrations  of  heavy- 
metals  in  soil  and  sediments  (i.e.,  concentrations  exposure 
to  which  will  not  adversely  affect  human  health)  are  estab- 
lished in  the  PHEA  (Appendix  A)  and  described  later  in  this 
chapter.  The  PHEA  identifies  the  various  routes  by  which 
humans,  flora,  and  fauna  are  exposed  to  soil  contamination. 
It  then  evaluates  the  risk  to  humans  presented  by  a range  of 
contaminant  concentrations  in  the  soils. 


LOCATION- SPECIFIC  ARARS 

Location-specific  ARARs  are  restrictions  placed  on  the  con- 
centrations of  hazardous  substances  or. the  conduct  of 
cleanup  activities  because  they  are  iih:;, specific  locations. 
Location-specific  ARARs  relate  ta  the  geographic  or  physical 
position  of  the  site,  rather  tka!CN£^th#^4ture  of  the  site 
contaminants.  \ \ ;/' 

Because  the  operable  uh.it  is  located  entirely  within  the  100 
year  floodplains  of  :;Mill^:  Willow,  and  Silver  Bow  Creeks,  and 
the  Clark  Fork  R.iy;er::i%the  most  significant  State  of  Montana 
location- spec  if  id%  ARARs1!:  regard  use  of  and  construction 
within  the  floodplain.,:-'  Specifically,  structures  built 
within  the  floodplain  must  be  constructed  on  fill  material, 
anchored,  and  located  as  far  as  practicable  from  stream  chan 
nels.  Furthermore,  if  a proposed  development  may  signi- 
ficantly increase  flood  velocities  or  depths,  additional 
hydraulic  and  survey  information  may  be  required,  such  as 
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valley  cross  sections  of  the  water  course  and  adjoining 
floodplain,  professional  certification  that  floodproofing 
measures  are  reasonably  adequate  to  protect  against  major 
flood  damage,  and  documentation  of  the  probable  effect  op 
upstream  or  downstream  property  owners. 1° 

Additionally,  certain  regulations  stipulating  flood  control 
measures  within  the  floodway  are  relevant  and  appropri- 
ate.^ They  require  flood  control  levees  and  flood  walls 
to  safely  convey  a flood  of  100-year  frequency  and  to  not 
increase  the  elevation  of  the  100-year  frequency  beyond  one- 
half  foot  at  any  point.  Riprap  must  withstand,  a flood  of 
100-year  frequency,  not  increase  the  eleyatidp,  af  a 100-year 
flood  and  not  increase  erosion.  Channelipation-pjfoj ects  are 
allowed  if  they  do  not  significantly  increase  the  magnitude, 
velocity,  or  elevation  of  a lOO^year  flood  downstream  from 
the  project.  \ 'SJ? 

Floodplain  management  ip  Montana  :-!lal'so  is  governed  by  the 
Natural  Streambed  and  Capd  .PresisrViation  Act  of  1975,  enacted 
to  ensure  the  protect i orx\o f ::l  s t reams  and  streambeds.  Accord- 
ingly, the  alterphpives;%f6;r;,  Remediation  must  attempt  to 
reduce  disturbance  to  theii  stream  channel,  fish,  and  aquatic 
habitat,  minimize^spil/erosion,  sedimentation,  and  turbid- 
ity, and  avoid  creating  harmful  flooding  or  erosion  problems 
upstream  or  downstream. 20  Because  these  requirements  are 
not  duplicated  by  federal  law,  these  state  standards  are 
determined  to  be  the  more  stringent  and  therefore  are  appro- 
priate ARARs  for  the  operable  unit. 


^ ARM  36.15.801. 

ARM  36.15.606. 

20  MCA  § 75-7-102;  ARM  36.2.404. 

I 
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In  addition  to  these  Montana  location-specific  ARARs,  fed- 
eral location-specific  ARARs  apply  to  Warm  Springs  Ponds 
remedial  activities.  Compliance  with  the  National  Historic 
Preservation  Act  and  Archaeological  and  Historic  Preserva- 
tion Act  requires  the  identification  of  any  cultural  re- 
sources and  any  scientific,  prehistoric,  or  archaeological 
artifacts  at  Warm  Springs  Ponds.  The  operable  unit  includes 
two  sites  (the  ponds  plus  an  arched  concrete  bridge)  that 
are  eligible  for  inclusion  in  the  National  Register  of 
Historic  Places.  Effects  of  remedial  activities  on  these 
resources  must  be  assessed.  Preservation  ojr  these  resources 
may  be  required  and,  at  a minimum,  measures  : t6::; minimize  or 
mitigate  any  adverse  effects  on  the  r esbht ce s%mhs:t  be 
incorporated  into  the  proposed  remedial  activities. 

Because  a pair  of  bald  eagles  is: -^nowh^.td:,  feed  within  the 
boundaries  of  the  operable  unit,  ■ t he  :;End ang e red  Species  Act 
applies.  Under  this  law,  any  p rppqse d i::hr erne d i a t i on  must  be 
assessed  to  determine  its^ impact  ^ph  the  endangered  species, 
and,  if  an  adverse  effect  is  ::likeiy  to  occur,  other  alterna- 
tives must  be  selected,  mitigative  activities  recommended, 
or  an  exemption :;The  federal  Fish  and  Wildlife 
Coordination  Ad£  '-also  applies , precluding  any  modification 
of  any  stream  or  "pther/wAter  body  as  a result  of  remedial 
activities  unless  the mo dification  provides  for  adequate 
protection  of  fish  and  wildlife  resources.  Finally,  protec- 
tion of  wetlands  is  required  by  federal  executive  order,  and 
remedial  activities  must  consider  measures  to  mitigate 
adverse  impacts  to  these  resources. 


ACTION-SPECIFIC  ARARS 


Action- specif ic  ARARs  are  usually  technology-  or  activity- 
based  requirements  or  limitations  on  actions  taken  with 
respect  to  hazardous  wastes.  A particular  remedial  activity 
will  trigger  an  action-specific  ARAR.  Unlike  chemical- 
specific  and  location-specific  ARARs,  action-specific  ARARs 
do  not  in  themselves  determine  the  remedial  alternative. 
Rather,  action-specific  ARARs  indicate  how  the  remedy,  once 
selected,  must  be  achieved. 21  The  most  significant  action- 
specific  ARARs  at  the  operable  unit  relate  p6 , dam  safety, 
hazardous  waste  management,  land  reclamation ,\and  discharge 
of  dredged  or  fill  material  into  Silver:- jBdw,  Kill,  and 
Willow  Creeks,  and  the  Clark  Fork  Rivdr.  ,i;: 

The  Montana  Department  of  Natural  Resdurc.es  and  Conservation 
regulations  relating  to  dam  safety:,  are  central  to  remedial 
action  at  the  operable  unit.  The : Wh  rnr  Sp r ing s Ponds  dams 
are  classified  as  high-hazard|  daiiis  C Consequently,  based  on 
the  storage  capacity  alidLheJ^fi^ofcs^hese  high-hazard  dams, 
Warm  Springs  Pond  3 mus  t^h  e?  c ons t rue  ted  to  withstand  one- 
half  of  the  p r ob :a:b,le:::;:^  1 o o d ; Pond  2 must  withstand 

0.3  of  the  probable  maximum  flood;  and  Pond  1 must  withstand 
0.2  of  the  p r ob ab  1 e^-maximum  flood.  22  Based  on  the  direc- 
tion of  the  State  of  Montana,  the  engineer  has  sized  the 
alternatives  using  these  levels  of  inflow  floods  for  the 
three  ponds. 


21 


USEPA,  1988a.  1-29. 


Other  action-specific  ARARs  pertinent  for  high-hazard  dams 
include  design  safeguards  protecting  the  dam’s  embankment, 
foundation,  and  abutments  against  internal  erosion;  against 
overtopping  by  wave  action;  against  erosion  of  upstream  and 
downstream  slopes;  and  to  ensure  that  the  most  severe  earth- 
quake reasonably  anticipated  would  not  cause  catastrophic 
failure  and  loss  of  life. 23  All  dams  must  have  an  ade- 
quate seepage  monitoring  and  collection  system. 24  Because 
these  requirements  are  not  duplicated  by  federal  laws,  the 
state  standards  are  the  most  stringent  and  are  appropriate 
for  this  site. 

The  Montana  Hazardous  Waste  Act  is  another  soiirde  of  action- 
specific  ARARs  at  Warm  Springs  Ponds,:/ ,/This  Act !i imposes 
proper  treatment,  storage,  transportation*  and  disposal  re- 
quirements for  hazardous  was  teslas  well  Has  for  the  siting, 
design,  operation,  maintenance*.  moniborihg,  inspection, 
closure,  and  post-closure  of  ha 2;ar d6u:s;-wa s t e management  fa- 
cilities. 25  \ f 


Because  various  alternative#  discussed  in  the  feasibility 
study  propose  di#€;pntiritiirig::  the  use  of  Ponds  1 , 2,  and  3 or 
portions  of  them c e r t dirt  provisions  of  the  hazardous  waste 
closure  and  p o s t -^e l'o:s ur b /r e qu i r emen t s apply . 26  Two 
general  closure  option#  exist:  1)  clean  closure,  and 


23 

^ ARM  36.14.501. 


23 

^ MCA  75-10-405.  Title  75,  Chapter  10,  Part  4. 

26 

Montana  has  incorporated,  by  reference,  federal  closure  and  post-closure 
requirements  for  hazardous  waste  management  facilities.  ARM  16.44.702.  Complete 
citations  to  the  authorities  setting  forth  these  hazardous  waste  management  requirements 
are  contained  in  Appendix  B,  which  lists  all  state  and  federal  ARARs  for  the  operable  unit. 
Because  the  state  standards  exist  as  part  of  a delegated  program  under  the  Resource 
Conservation  and  Recovery  Act  (RCRA),  as  amended,  the  state  standards  are  deemed  the  more 
stringent  for  use  at  this  site. 
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2)  landfill  closure.  Under  the  clean  closure  option,  soils 
and  sediments  must  be  removed  from  the  ponds  and  surrounding 
areas,  such  that  drinkable  leachate  and  edible  soils  remain 
(that  may  be  safely  consumed) . Under  the  landfill  closure 
option,  regulations  require  proper  isolation  of  contaminated 
materials  by  capping  or  covering  contamination  with  clean 
soil,  revegetation,  and  post-closure  maintenance.  Prior  to 
capping  the  waste,  free  liquids  must  be  removed  from  the 
waste,  and  the  remaining  solids  must  be  stabilized  and  conso- 
lidated. Remaining  wastes  must  be  covered  with  a cap  de- 
signed to  provide  long-term  minimization  of  ,th£  migration  of 
liquids  through  the  waste,  function  with  .minimum  mainte- 
nance, promote  drainage,  minimize  erosion,  and  Accommodate 
settling  to  maintain  the  integrity  q£ ;£lie  -cover lw|:Clo sure 
and  post-closure  requirements,  which  should  be  considered  in 
designing  an  adequate  operations^and  Maintenance  program, 
include  groundwater  monitoring^  findnc;ial::  assurances , 
periodic  inspections,  ongoing  mdin.tenan.ce , use  restrictions, 
and  deed  notices.  Because  of  I th4  dnique  nature  of  the  site, 
many  of  the  RCRA  c lo suiet .requirement s may  be  appropriate  to 
any  remedial  action, that%wqhld  close  one  or  more  of  the 
ponds  with  waste/iefti.lh  plabe .27 

Other  alternatives  discussed  in  the  feasibility  study  pro- 
pose continuing  the  operation  of  Ponds  2 and/or  3,  or  estab- 
lishing alternative  onsite  hazardous  waste  management  facili- 
ties to  trap  and  dispose  of  hazardous  substances,  pollut- 
ants, and  contaminants.  These  alternatives  must  comply  with 
action-specific  ARARs  for  surface  impoundments,  particularly 
those  requiring  structural  integrity  to  prevent  massive  fail- 
ure . 


27 


USEPA,  1988a.  2-19  to  2-21. 


All  nonliquid  waste  materials  within  the  Warm  Springs  Ponds 
Operable  Unit  not  subject  to  the  Montana  Hazardous  Waste  Act 
are  subject  to  the  Montana  Solid  Waste  Management  Act. 
Regulations  under  that  law  prohibit  locating  solid  waste 
disposal  sites  in  a 100-year  floodplain  and  in  places  that 
will  cause  pollution  of  surface  or  groundwater  and  require 
installation  of  drainage  structures  to  divert  surface  waters 
from  entering  disposal  areas. 28 


Montana’s  reclamation  statutes  pertaining  to  surface  mining 
provide  another  set  of  significant  act ion- specific  ARARs  and 
will  be  imposed  for  all  remedial  action  alter natives  pre- 
sented in  this  study.  Reclamation  of  lends  disturbed  by 
mining  requires  grading,  backfilling/  sub sidence:, .Stabiliza- 
tion, water  control,  topsoiling,  revegetat ion , and  other 
measures  necessary  to  eliminate^.damage^frpm  soil  erosion, 
subsidence,  land  slides,  water %poi:Ipt4pri/:: and  hazards  to 
life  and  property. 29  Pertinent gu 1 et i o n s govern  back- 
filling and  grading  (to  minimize  leros ion,  instability,  and 
adverse  effects  on  groundwater , -plant  growth,  and  land 
uses);  hydrology  (tp  ensure:  stability  of  the  reclaimed  area, 
as  well  as  the  qy£M:ty  df  ground  and  surface  water);  topsoil 
ing  and  revegetation  (tp ^establish  a diverse,  effective,  and 
permanent  vegetative^  coVer)  ; and  protection  of  wildlife  and 

air  resources. 30 


Together  with  public  health  and  environmental  protectiveness 
standards  (as  described  in  the  PHEA) , which  establish  accept 
able  soil  concentration  levels  for  arsenic  and  lead,  reclama 
tion  laws  provide  for  the  consolidation,  removal,  or  capping 


28 

29 

30 


ARM  16.14.505. 

MCA  § 82-4-231. 

ARM  Title  26,  Chapter  4,  Subchapters  5-7  and 
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of  soils  and  sediments,  at  a minimum,  to  achieve  acceptable 
concentration  levels.  Following  consolidation,  removal,  or 
capping,  regrading  and  a soil  cover  of  at  least  18  inches  is 
required  to  provide  an  adequate  medium  for  vegetation. 3 1 
Revegetation  then  demands  establishing  a diverse,  effective, 
and  permanent  vegetative  cover  of  the  same  seasonal  variety 
as  that  native  to  the  area,  which  is  capable  of  self- 
regeneration  and  plant  succession. 32  The  success  of 
revegetation  is  measured  on  the  basis  of  unmined  reference 
areas,  or  control  areas,  which  indicate  the  natural  produc- 
tion representative  of  the  area. 

In  areas  already  vegetated,  even  if  only^ partially , the  ade- 
quacy of  the  vegetative  cover  also  wall  be;  measured  against 
the  unmined  reference  areas.  If  the.  cover  is  adequate,  no 
further  reclamation  need  be  undertaker!^  %If  inadequate,  the 
area  must  be  tested,  as  d e s c r ib ed- -above , o r arsenic  and 
lead  concentrations,  soils  and  a-sSobiated  contamination  may 
need  to  be  removed  to  ensure  adequate  health  and  environ- 
mental protection,  and '[ at  soil  coyer,  regrading,  and  revegeta- 
tion will  be  required.. 

If  remedial  activities  Urijyolve  the  discharge  of  dredged  or 
fill  material  into  Silver  Bow,  Mill,  or  Willow  Creeks,  or 
the  Clark  Fork  River,  Section  404  of  the  Clean  Water  Act 
applies.  Regulations  promulgated  pursuant  to  this  section 
are  intended  to  ensure  that  discharges  of  dredged  or  fill 
material  will  not  have  an  unacceptable  adverse  effect  on 
municipal  water  supplies,  shellfish  beds  and  fishery  areas, 
wildlife,  or  recreational  areas.  Likewise,  the  Montana 


81 

J See  USEPA’s  action-specific  ARARs  regarding  revegetation,  Appendix  B,  citing  the 
Surface  Mining  Control  and  Reclamation  Act. 

32  MCA  § 82-4-233,  ARM  26.4.711. 
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Water  Quality  Act,  Public  Water  Supplies  Act,  and  Montana 
Groundwater  Act,  and  regulations  promulgated  thereunder,  con- 
tain action-specific  requirements  for  discharges  into  state 
waters  and  for  water  wells  intended  for  public  consumption, 
including  requirements  for  water  monitoring,  sample  collec- 
tion, and  analysis. 

Finally,  other  action-specific  ARARs  identified  in  Appen- 
dix B concern  mechanisms  for  ensuring  occupational  safety 
under  the  Montana  Safety  Act  and  the  Employee  and  Community 
Hazardous  Chemical  Information  Act  and  for  governing  the 
use,  diversion,  and  appropriation  of  surface  and  ground- 
water,  where  such  requirements  impact  environment  a 1 quality, 
pursuant  to  the  Montana  Water  Development  ;i;Progr dm  :Act , 

Natural  Streambed  and  Land  P r e s e rv a ted. oh: : Ac t of  1975,  and 
others. 

WAIVERS 

Federal  law  recognizes!  there  may:,  be  instances  in  which  ARARs 
cannot  be  met  with  respect  to  remedial  actions  onsite.  It, 
therefore,  identifles^s ix  eibcums t anc e s under  which  ARARs 
may  be  waived.  € However^  other  statutory  requirements,  spe- 
cifically, the  requirement  that  remedies  be  protective  of 
human  health  and  the,,  environment , cannot  be  waived.  33 
Waivers  occur  as  the  exception,  not  the  rule. 34  Waivers 
are  appropriate  if: 

o The  remedial  action  selected  is  an  interim  remedy 
and  only  part  of  a total  remedial  action  that  will 
attain  ARARs  when  completed. 


33  USEPA,  1988a.  1-71. 

34  50  Fed.  Reg.  47,921  (1985). 
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o Compliance  with  ARARs  at  the  site  would  result  in 
greater  risk  to  human  health  and  the  environment 
than  alternative  options. 

o Compliance  with  ARARs  is  impracticable,  from  a 
technical  perspective. 

o The  remedial  actions  selected  will  attain  an 

equivalent  standard  of  performance,  although  ARARs 
are  not  met. 

o With  respect  to  state  ARARs,  th.4  State  has  incon- 
sistently applied  ARARs  in  sithdlar  circumstances 
at  other  remedial  actions  within  the  State. 

o In  the  case  of  fund- financed  remedial  actions, 

financial  restrictions : Within  the  Super fund  pro- 
gram require  fund-balancihg  snch  that  satisfaction 
of  ARARs  at  the^site  must  give  way  to  a greater 
need  for  p r dt eh t ion,::p f :::pnb lie  health  and  welfare 
and  the  environment  a ff  other  sites . 35 

Chapter  8 of  thii%f easibility  study,  which  provides  a de- 
tailed analysis  of  the:  "remedial  action  alternatives,  identi- 
fies how  each  alternative  complies  with  ARARs.  If  an  ARAR 
would  not  be  satisfied,  the  detailed  analysis  notes  that  a 
waiver  may  be  required.  The  Record  of  Decision,  which  will 
detail  the  remedy  selected,  will  document  the  reasons  for 
waiving  any  ARAR. 36 


35  CERCLA  121(d)(4),  42  USC  9621(d)(4),  40  CFR  300.68(i)(5)  (1985).  See  also  USEPA, 
1988a,  1-71  through  1-75. 

36  See  USEPA,  1988a,  Exhibit  1-4  at  1-58. 


3-18 


PUBLIC  HEALTH  AND  ENVIRONMENTAL  ASSESSMENT  SUMMARY 


% 


The  following  sections  present  a summary  of  the  Public 
Health  and  Environmental  Assessment  (PHEA) . (Refer  to  Appen- 
dix A for  specific  assumptions  and  details  of  the  assess- 
ment . ) 

INTRODUCTION 

A public  health  and  environmental  assessment" conducted  to 
determine  the  potential  threat  to  human  health  and  the  envi- 
ronment as  a result  of  contamination  at^Che  s ltd-, in  absence 
of  any  remedial  action  undertaken  by::  the  State  6f  Montana  or 
the  USEPA.  The  no-action  alternative ,% as  defined  for  this 
assessment,  is  one  where  c u r r enfe,: o p e r it  i bn s at  the  site 
continue  unchanged  (e.g.  , peri q;d:Ie,:;  1 iming,. o f incoming  sur- 
face water  from  Silver  Bow  Creek,  - pump-hack  of  groundwater 
discharge  from  below  Pond  -l-ahd  activities  related  to  the 
management  of  the  wildlife  area^by.r  the  state),  but  nothing 
would  be  done  to  remediate  the  contamination  present  in  the 
ponds  nor  prevents ^:^e:iea&es:!%f rom  the  ponds. 

This  assessment  rs.  requited  by  CERCLA  and  the  NCP  and  has 
been  conducted  accord  frig  to  guidelines  developed  by  the 
USEPA. 37, 38, 39 


USEPA,  1986a.  Superfund  Public  Health  Evaluation  Manual.  EPA  540/1-86-060,  Office 
of  Emergency  and  Remedial  Response,  Washington,  DC. 

QQ 

USEPA,  1986b.  Guidelines  for  the  Health  Risk  Assessment  of  Chemical  Mixtures, 

51  Fed.  Reg.  34,  014-34,  025(1985). 

OQ 

USEPA,  1986c.  Guidelines  for  Carcinogenic  Risk  Assessment.  51  Fed.  Reg.  33,  991-34, 
003(1985) . 
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SITE  SETTING 


r 

"The  site"  referred  to  throughout  this  chapter  is  that  area 
shown  on  Figure  ES-1  of  the  Executive  Summary.  Chapter  2 of 
this  report  presents  the  site  background  and  a description 
of  the  site.  (Refer  to  Appendix  A for  greater  detail.) 


The  area  surrounding  the  site  is  rural,  with  two  small  towns 
and  a few  scattered  ranches.  Approximately  300  persons 
reside  within  Warm  Springs,  the  town  adjacent  to  the  north- 
west edge  of  the  site.  Opportunity,  the  othd  Jr"  small  town 
near  the  site  is  to  the  southwest,  with  a:  population  of 
about  750  persons.  Between  these  two  towns  i;s,  £%: small  devel- 
opment, called  the  Highway  48  development* . with'%1#  to 
15  homes  and  50  residents.  East  of%the:  site , a bluff 
sharply  alters  the  topography  qf^the  f lab;,  ponds . Several 
ranches  are  located  on  the  bluf ft  and:;::  about  30  persons  live 
at  these  ranches .40,41  Figure  3-  l,:;4hows  the  surrounding 
towns  and  residences  in  alatlon%0  the  site. 


The  area  has  a semi -a rid  continental  climate  with  most  of 
the  precipitati oK:: ;pc:cu,r r ing,  Iji  the  form  of  snow.  Snow  usu- 
ally covers  th4, site  f tom  November  through  March  or  early 
April . Therefore*  snow  .Is  present  approximately  150  days 
per  year.  Winds  iri;%phe  area  are  predominantly  (more  than 
40  percent)  out  of  the  south/ southeast  and  blow  toward  the 
north/northwest,  as  depicted  on  Figure  3-1. 


40 

Manning,  Milo,  1988.  Deer  Lodge  County  Planning  Supervisor,  Anaconda,  Montana. 
Personal  communication. 

^ Strazdas,  Maureen,  1988.  Montana  State  Census  and  Economic  Information  Center, 
Helena,  Montana.  Personal  communication. 
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The  site  is  within  the  floodplain  of  Mill,  Willow,  and 
Silver  Bow  Creeks.  Flooding  and  high  creek  flows  occur  pri- 
marily in  May  and  June,  those  months  with  high  rainfall 
coupled  with  snow  melt  at  higher  elevations.  Flows  during  a 
100-year  flood  (4,000  cfs  peak  flow  in  Silver  Bow  Creek)  and 
the  limits  of  the  100-year  floodplain  have  been  deter- 
mined. 42, 43  (Figure  4-2  of  Chapter  4 shows  the  extent 
of  the  100-year  floodplain  at  the  site.)  A 100-year  flood 
would  have  a high  probability  of  causing  erosion  of  Pond  2 
and  Pond  1 dikes.  This  could  result  in  failure  of  one  or 
more  dikes,  and  the  downstream  movement  of  pond  sediment  and 
tailings. 44  The  probable  maximum  flood  (PMF ) -has  also 
been  estimated  for  the  site.  A PMF  of/%jl6 , 000,  dfs  peak  flow 
is  more  than  an  order-of-magnitude  gt eater,  than  the  100-year 
flood  event  and  could  breach  all  three -dikes  of  the  pond 
system. 

\ 

The  site  is  owned  by  Atlantic  RichfieTd  Company , which 
merged  with  Anaconda  Minerals!  Company  (AMC)  in  1977,  and  is 
maintained  as  a Wi  1 d 1 if e^^Management  Area  administered  by  the 
Montana  Dep a r tment :;:;o£==, F ish Wild! i f e and  Parks  (MDFWP)  in 
association  with"  ARCDi:;  ^Mahagement  activities  include 
maintenance  o f -^inflow  / outflow  structures  , waterfowl 
enhancement  ( p 1 anting  grain,  habitat  improvement , etc . ) , 
fish  stocking  (brown  trout  for  catch-and-release  only) , and 
monitoring  wildlife  use  of  the  area.  The  site  is  attractive 


4? 

CH2M  HILL,  1988.  Sliver  Bov  Creek  Flood  Modeling  Study.  State  of  Montana, 
Department  of  Health  and  Environmental  Sciences,  Helena,  Montana. 

/ o 

^ International  Engineering  Company  (IECO),  1981.  Geotechnical  and  Hydrologic 
Studies,  Warm  Springs  Tailing  Ponds.  Anaconda.  Montana.  Prepared  for  Anaconda  Copper 
Company,  Denver,  Colorado. 


44 


CH2M  HILL,  1988. 


to  wildlife , particularly  to  waterfowl  and  other  birds.  The 
site  has  produced  osprey  young  in  past  years  and  a pair  of 
immature  bald  eagles  have  built  a nest  2 years  in  a row  at 
the  site  but  have  not  produced  young.  The  bald  eagle  is  the 
only  federally  listed  threatened  and  endangered  species 
known  to  occur  at  the  site. 45, 46 

Mammals  present  at  the  site  are  those  typical  of  the  scrubby 
habitat  (see  Appendix  A Figure  2-4  for  a depiction  of  the 
vegetation  types  at  the  site).  These  include  jnule  deer, 
white-tailed  deer,  fox,  coyote,  badger,  mu ski: at , rabbit,  bea- 
ver and  mice.  Ground  squirrels  have  recently  S(within  the 
last  3 years)  been  sited  within  the  pond^boundaties .47 

The  fishery  of  the  ponds  is  classified  ds-a  high  priority 
resource.^  The  species  present" idn  eadh  -^ond  depend  on 
the  pond  depth  and  food  sourced,.  %,,;,»C|ei::-Wi.lid:iife  Ponds  support 
the  largest  brown  and  rainbow  thput  (TO-"  to  12  pounds)  of  the 
pond  system.  The  ponds  are:\designated  as  only  catch-and- 
release  by  the  Mont ana^, Fish Game  Commission. 

The  PHEA  ( App endiX" : re s dntjs  a complete  listing  of  bird, 
mammal  and  f isE,  Specie  s|  found  in  the  area. 


as. 

Gallager,  Jerry,  1988.  Montana  State  Department  of  Fish,  Wildlife  and  Parks,  Area 
Manager,  Warm  Springs,  Montana.  Personal  communication. 

AA 

Wood,  G.,  1988.  Fish  and  Wildlife  Services,  Ecological  Services,  Bozeman,  Montana. 
Personal  communication. 

47  Gallager,  1988. 

4&  MultiTech,  1986.  Fish  Tissue  Investigation.  Silver  Bow  Creek  Remedial 
Investigation.  Draft  Final  Report.  State  of  Montana,  Solid  and  Hazardous  Waste  Bureau, 
Department  of  Health  and  Environmental  Sciences,  Helena,  Montana. 
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NATURE  AND  EXTENT  OF  CONTAMINATION 


Chapter  2 describes  the  nature  and  extent  of  contamination 
at  the  site.  Site  investigations  to  date  indicate  inorganic 
constituents  in  groundwater  (particularly  shallow  ground- 
water  immediately  downgradient  of  Pond  1),  surface  water  (al 
though  contaminant  concentrations  decrease  in  pond  outflow 
as  compared  to  inflow  from  Silver  Bow  Creek) , sediments  and 
exposed  tailings,  and  biological  tissue  (liver  only)  -at  con- 
centrations above  background  level.  No  data  have  been  col- 
lected to  establish  contaminants  in  the  air 


Data  summaries  for  each  media  were  prepared  for  ^the  PHEA. 
These  summaries  provide  information  on:  the,  maxiiiium  concentra 
tion  of  a contaminant  in  a media  at:\a  ^specific  sampling 
point  or  a general  location  (grouping  :;o£\§everal  sample 
points),  the  arithmetic  average  condent ration  of  a contami- 
nant at  that  point  or  general  lb;cfblon:,:,  the  number  of  times 
the  contaminant  was  analyzed , | and  the  number  of  times  the 
contaminant  was  d e t e c tSed'h above  the/detection  limit  (media 
specific)  at  that  point  or  general  location.  In  calculating 
arithmetic  aver a.g:e:s::::::f o f ;ii!;s amp le s with  concentrations  below 

one-half  the  detection  limit  was 
in  the  calculation.  This  method 
is  used  for  risk  assessment  purposes  because  the  actual  con- 
centration may  be  between  zero  and  a value  just  below  the 
reported  detection  limit.  Use  of  one-half  the  detection 
limit  attempts  to  balance  underestimating  (from  using  zero 
as  the  value)  and  overestimating  (from  using  the  detection 
limit)  of  average  concentrations.  Averages  in  which  one- 
half  the  detection  limit  was  used  are  denoted  with  a less- 
than  sign  in  front  of  the  value  on  the  summary  table. 


detection  limits a value 
used  for  the  s 


Groundwater  summaries  are  composed  of  data  from  wells  that 
were  grouped  together  to  provide  information  about  a general 
area  or  aquifer.  Monitoring  wells  were  grouped  according  to 
location,  hydraulic  characteristics,  and  similar  groundwater 
chemistry.  Appendix  A Tables  3-2  through  3-5  present  the 
groundwater  summaries. 


Surface  water  summaries  are  provided  for  each  sampling  sta- 
tion or  group  of  stations  within  each  sampling  phase  to  pro- 
vide information  for  assessing  the  conditions  of  the  water 
body  at  a specific  location  within  a given  time  period. 
Appendix  A Tables  3-6  through  3-14  present  the  surface  water 
summaries. 


Pond  bottom  sediment  samples  are  summarized  for  Zone  A 
within  each  pond  and  for  all  zones  regardless  of  depth, 
within  each  pond.  These  summarie:s--,;afe:; presented  in  Appen- 
dix A Tables  3-15  and  3-16.  Surface  samples  from  exposed 
tailings  (0-2  feet)  were  taken  from  Ponds  1,  2,  and  3. 

These  are  summarized  id  ;4pPendix,  A;  Table  3-17.  Sediment  sam- 
ples (0-1  inch)  were,  taken  from  the  Mill-Willow  Bypass,  in 
four  discrete  geomprphid,  units : the  vegetated  active  chan- 

nel, unvegetateS  %ctivJ|  channel,  vegetated  floodplain  (first 
terrace  above  th#-,  act  iye  /channe  1 ) , and  the  unvegetated  flood 
plain.  Summaries  of,  these  four  distinct  sampling  areas  are 
presented  in  Appendix  A Tables  3-18  and  3-19. 


Biological  samples  (fish  and  waterfowl)  are  summarized  in 
Appendix  A Tables  3-20  and  3-21. 
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EXPOSURE  ASSESSMENT 


I 

Migration  and  Fate 

Contaminant  migration  mechanisms  are  depicted  in  Figure  2-1 
of  Chapter  2.  In  addition  to  those  shown,  contaminants  may 
be  released  from  the  ponds  and  the  Mill-Willow  Bypass 
through: 

o High-flow  events  which  cause  the  resuspension  of 
sediments,  further  migration  downstream,  and 
potentially,  dispersion  onto  the  ftbpdp lain. 

o Major  flood  events,  which  jtould ::;;result\in  the 

release  of  large  volumes  of  "contaminated  sediments 
that  may  move  downstream  to  -thW  Clark  Fork  River 
and  to  adjacent  f loodpiains-.;:.:  Sediments , once 
released  from  their  p te s eht :: :anae r ob i c environment 
could  be  oxidized-tb  a "imore  mobile  form,  resulting 
in  a release",  of  dissolved  metals  to  surface  waters 
or  groundwater^, 

o Dike  failure  resulting  from  ground  shaking  during 
an  earthquake, /which  could  cause  berms  to  slump 
and  sediments  to  flow  like  liquid  (liquefaction) 
into  downstream  areas. 


The  environmental  fate  of  site  inorganic  compounds  is  primar- 
ily dependent  upon  the  physical  and  chemical  properties  of 
the  system  containing  the  compounds.  Precipitation  and 
absorption  to  sediments  are  the  predominant  fate  of  inor- 
ganic compounds  in  the  ponds,  although  physical  aggregation 
and  biological  uptake  and  accumulation  also  occur  at  the 
site . 


i 
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Current  Potential  Human  Exposure  Pathways  and  Receptors 


Data  obtained  during  the  remedial  investigation  indicate  a 
plume  of  contaminated  groundwater  is  moving  north  from 
Pond  1 in  the  shallow  alluvium.  Samples  obtained  in  1985 
from  the  closest  drinking  water  well  downgradient  of  the 
site  (approximately  1 mile  downstream)  have  not  detected 
contaminants  above  detection  limits.  Drinking  water  wells 
adjacent  to  the  site  to  the  east  are  approximately  250  feet 
in  bedrock  and  show  no  signs  of  site  contaminants.  Wells 
west  and  south  of  the  site  are  upgradient  of" groundwater 
flow  and  are  not  influenced  by  compounds  in- the  plume.  No 
direct  exposures  to  contaminated  groundwater  hava  been  iden- 
tified, therefore  no  exposure  pathways;:  currently; ..exist  for 
contaminants  in  groundwater. 

Because  the  ponds  are  a r e c r e a t i bna I : -r:a s bur c e in  the  area, 
adult  contact  with  surface  wate ts \ a:t4::  :se d iment s could  occur 
when  hunting  or  f ishing. :: in -the  Wildlife  Management  Area. 
Children  are  not  knowii'  to  use the  ponds  for  recreation  be- 

cause fishing  pond§;;;i:havi\be#n  specially  built  in  Warm 
Springs  for  the  ijf  Bo  fit  act  with  surface  water  and 

sediments  may  also  occur  bn  a daily  basis  for  employees  of 
the  MDFWP  who  work  in  the  Wildlife  Management  Area . 

Recreational  users  and  MDFWP  employees  have  the  potential  to 
contact  exposed  tailings  at  the  ponds  and  along  the  Bypass, 
either  through  direct  contact  or  indirectly  through  inhala- 
tion of  wind-entrained  tailings.  Figure  3-1  shows  both  ex- 
posed tailings  areas  and  residential  areas.  This  figure, 
including  the  wind  data  shown,  indicate  the  potential  for 
residents  of  the  town  of  Warm  Springs  to  indirectly  contact 
exposed  tailings;  winds  predominantly  blow  in  the  direction 


49 


Gallager,  1988. 


of  the  town  across  exposed  tailings  areas.  The  potential 
also  exists,  although  unlikely  due  to  topographic  changes, 
for  residents  along  the  bluff  east  of  the  pond  system  to  con 
tact  wind-blown  exposed  tailings. 


Human  consumption  of  site  waterfowl  and  fish  (keeping  fish 
caught  onsite  is  illegal  but  could  occur)  could  result  in 
exposure  to  contaminants  accumulated  in  their  tissue.  The 
data  indicate  concentrations  of  contaminants  detected  in 
edible  tissue  is  similar  to  that  detected  in  edible  tissue 
from  noncontaminated  areas.  However,  exposure  to  contami- 
nants is  additive  and  this  pathway  would  add  to  the  total 
amount  of  contaminants  a person  could  reddive\f f<pm  site  use 


Potential  Future  Human  Exposure  Pathways  and  Receptors 


Should  a catastrophic  event  o c dult: - ( f lo o d : :o r earthquake) 
resulting  in  the  failure  of  pond  berms- .and  release  of  pond 
materials,  contact  could  oecUr  with'  surface  water  and  pond 
bottom  sediments.  In ^d^it^qn^^ffcl^er  the  water  receded,  con 
taminated  sediment  spread  throughout  the  floodplain  could 
dry  and  become  airjbtvrne % resulting  in  indirect  contact. 
Downstream  residents  would  be  the  expected  receptors  for  con 
tact  with  media  that  has/migrated  from  the  site  in  this  man- 
ner. '■%, 


Additional  future  exposure  pathways,  although  unlikely, 
could  occur  if  residential  development  were  to  take  place 
within  the  site  (the  Pond  1 area) . Groundwater  in  the  shal- 
low alluvium  could  be  used  as  a source  of  both  household  and 
drinking  water.  Direct  contact  with  sediments  and  indirect 
contact  with  dried  sediments  or  exposed  tailings  through 
wind  entrainment  could  occur  if  a housing  development  were 
built  in  the  Pond  1 area.  A development  of  this  sort  is 
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unlikely  because  the  population  of  the  area  is  de- 
creasing.50 In  addition,  the  site  is  within  the  floodway 
of  Silver  Bow  Creek  and  flooding  could  occur  annually.  On 
the  basis  of  stability  rating,  the  Corps  of  Engineers  consid- 
ers the  upstream  berms  to  be  a high  hazard.51  It  is  un- 
likely that  a housing  development  would  be  built  immediately 
downstream  of  such  high-hazard  dikes  or  in  the  floodway. 


Human  Exposure  Scenarios  and  Intake  Estimates 


Figures  3-2  and  3-3  present,  respectively,  the" three  current 
potential  human  exposure  scenarios  and  the  potential  future 
human  exposure  scenarios  developed  for  the  sifee.\  These 
scenarios  were  formulated  from  information, on  the/setting, 
the  nature  and  extent  of  contamination:^ the  potential  migra- 
tion of  contamination,  and  the  .potential  ^exposure  pathways. 
Exposure  pathways  define  the  w^y s: : po t ent i a 1 human  receptors 
(local  residents,  workers , ^recr&atlbnTsts ) could  be  exposed 
to  contaminated  site  media  :::lwater,  \soil , biota,  etc.). 
Exposure  scenarios  iddptify;i;;tEe;!iia^unt  of  contaminated  media 
consumed,  inhaled,  ::or  absorbed  By  quantifying  each  potential 

30:f tirrq  pathway  combination  for  the  site. 


The  quantity  of  media  a receptor  can  take  into  his  or  her 
body  is  termed  the  Intake  estimate  and  has  the  units  of 
milligrams  (mg)  of  media  per  kilogram  (kg)  receptor  body 
weight  per  day  (mg/kg/day).  Intake  estimates  are  media-  and 
route-specific  and  are  determined  according  to  the  type  of 
receptor,  the  age  of  the  receptor,  and  the  weight  of  the  re- 
ceptor. Daily  intake  estimates  are  the  quantity  of  contami- 
nant taken  into  the  body  on  a per  day  basis.  Lifetime  daily 
intake  estimates  take  into  account: 
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The  duration  of  exposure  in  a specific  age  group 
(for  example,  children  ages  1 to  4 will  ingest 
greater  amounts  of  sediment  from  hand  to  mouth  con- 
tact than  adults  age  19  and  over) . 

o The  frequency  of  exposure  (daily,  every  other  day, 
once  a week,  etc.)* 

o The  environmental  factors  that  affect  exposure 

(for  example,  dust  is  not  generated  when  soil  is 
frozen,  snow  covered,  or  has  receded  greater  than 
0.01  inch  of  precipitation  o v e r ^:Z 4- hour  pe- 
riod) .52  \i;  V 

Standardized  intake  estimates  are  uSe.d%wheneve r possible. 

For  example,  the  standardized  intake  of  drinking  water  by  an 
adult  is  assumed  to  be  2 liters  per,  day . 53  When  standard- 
ized intakes  are  not  available,  WLrarige;:of  intake  values  is 
used  to  bracket  the  act^ki!i?%i|:aki»  \ Table  3-1  presents  the 
assumptions  and  intakes  Used  .fpi!;::,each  current  scenario.  It 
is  not  possible  t o ;quant if y,;  int uke  of  media  through  all 
pathway s nor  a 1 T s^eriar ip s\ 

Table  3-2  presents,  the  assumptions  and  intakes  used  for  each 
potential  future  scenario. 

Exposure  Point  Concentrations 

The  exposure  point  concentration  is  the  concentration  of 
each  individual  contaminant  in  a specific  media  at  the  point 
of  receptor  contact.  The  full  PHEA  in  Appendix  A provides 


United  States  Environmental  Protection  Agency  (USEPA) , 1988c.  Superfund  Exposure 
Assessment  Manual.  EPA  540/1-88/002,  Office  of  Remedial  Response,  Washington,  DC. 
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TABLE  3-  1 

ASSUMPTIONS  AND  INTAKES  FOR  CURRENT  HUMAN  EXPOSURE  SCENARIOS  (1) 
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range.  Dose  was  adjusted  after  intake.  o Approximately  24.6%  of  entrainable 

intake.  material  is  in  the  respirable 

range.  Dose  was  adjusted  after 
intake. 


EXPOSURE  SCENARIO 
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For  specific  details  and  calculations  see  Appendix  A Table  4-3  through  4-5. 
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10  m3/day  for  ages  5 to  11  years 
17  m3/day  for  ages  12  to  18  years 
20  m3/day  for  ages  19+  years 
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(1) .  For  specific  details  and  calculations  see  Appendix  A Table  4-6. 

(2) .  Surface  water  is  assumed  to  be  gone  from  the  Pond  1 area. 

(3) .  This  pathway  was  not  considered  in  this  scenario.  See  current  recreational  for  an  estimate  on  biota  ingestion. 


exposure  point  concentrations  used  in  the  estimation  of  risk. 
Exposure  point  concentrations  were  taken  from  actual  site 
data  at  specific  locations  where  receptors  could  contact  the 
media.  Concentrations  of  contaminants  in  air  are  the  excep- 
tion to  this;  dust  emissions  and  resulting  contaminant  con- 
centrations were  modeled  using  the  Industrial  Source  Complex 
(ISC)  model. 54,55  Refer  to  Appendix  A for  a full  de- 
scription of  the  air  model.  Table  3-3  identifies  the  Appen- 
dix A data  tables  that  were  used  for  obtaining  exposure 
point  concentrations. 

Potential  Environmental  Exposure  Pathways  and  Receptors 

Potential  environmental  exposure  p a thway s; -a r e shown  in  Fig- 
ure 3-3.  Media  where  exposure  could  occur  and  routes  that 
could  result  in  contaminated  medin  inta^c&^can  vary  between 
species  according  to  dietary  demands  i:::haB-i:tat , foraging 
behavior,  and  other  specie §:,  chahact er  1st i c s . For  example, 
diving  ducks  ( redheads ) f eed  primarily  on  small  aquatic  ani- 
mals, whereas  puddle  ducks  ^(mallards ) are  primarily  plant 
eaters.  Within  species , Sped i a intake  can  vary  according  to 
life-stage  or  sex :i:: For  "example , the  diet  of  adult  female 
mallards  changes  to  insects  during  egglaying  and  nesting. 

Environmental  receptors  to  contaminants  detected  in  media 
onsite  include  terrestrial  and  aquatic  plants  and  animals 
that  utilize  the  site  for  foraging,  habitat,  or  both.  Down- 
stream receptors  are  primarily  aquatic  life  (fish, 


United  States  Environmental  Protection  Agency  (USEPA) , 1985.  Compilation  of  Air 
Pollution  Emission  Factors.  Vol.  1,  Section  11.2.3.  A-24.  Office  of  Air  Quality  Planning 
and  Standards,  Research  Triangle  Park,  North  Carolina. 

® United  States  Environmental  Protection  Agency  (USEPA),  1988d.  Unimap,  Version  6. 
Office  of  Air  Quality  Planning  and  Standards,  Research  Triangle  Park,  North  Carolina. 
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MEDIA  RECREATIONAL  OCCUPATIONAL  CURRENT  RESIDENTIAL  FUTURE  ONSITE  RESIDENTIAL 
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invertebrates,  and  algae)  in  the  Clark  Fork  River  because  of 
downstream  movement  of  sediments,  surface  water,  and  resolu- 
bilized metal  salts  from  the  Mill-Willow  Bypass. 

RISK  ASSESSMENT 

Human  Risk  Characterization 

Before  the  effects  of  exposure  to  a contaminant  can  be  esti- 
mated, it  must  be  decided  if  the  constituent  end-point  of 
toxicity  is  carcinogenic  or  noncar cinogenic/Uhrough  a 
specific  route  of  exposure  (ingestion,  inhalation , or  dermal 
contact).  Compounds  that  produce  a known,  potential , or 
possible  carcinogenic  response  in  humans  are  typically  given 
a cancer  potency  value  specific  to  the -route  of  exposure. 
Most  potency  values  are  derived-by  using  -the  upper 
95  percent  confidence  limit  on  the-.JTope^af  the  dose- 
response  curve  obtained  from  a linearized  multistage  model 
of  animal  data.  Potency  factors  are  also  derived  from  dose 
response  data  from  humane, epidemic lo g i c studies  fitted  to 
dose-time-response  ,curve:s,.  € Potency  factors  use  conservative 
assumptions  and  are : Unlikely  to  underestimate  true  risk. 
Potency  f actor&^U&ed  iiil  this  assessment  are  listed  on 
Table  3-4.  XX 


To  quantify  carcinogenic  risk,  the  cancer  potency  value,  spe- 
cific to  the  route  of  exposure,  is  multiplied  by  the  life- 
time daily  intake  and  the  exposure  point  concentration.  The 
product  is  the  potential  excess  lifetime  cancer  risk,  which 
is  the  probability  of  getting  cancer  ‘compared  to  the  risk 
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TABLE  3-4 

PUBLISHED  TOXICITY  VALUES 
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(4).  Source:  Thomas,  1988. 

C5).  This  value  has  been  withdrawn  by  EPA. 

(6).  This  value  is  specific  to  nickel  refinery  dust. 

NOTE:  Scientific  notation  used  for  ease  in  reading  small  values.  For  example,  the  notation  3.0E-04  is  the  value  0.0003. 


with  no  exposure. 56  Cancer  risk  estimates  are  rounded  to 
the  nearest  significant  digit.  For  example,  the  risk 
1 x 10“6  represents  the  probability  that  one  person  in  one 
million  persons  exposed  to  a carcinogen  over  a lifetime 
(70  years),  will  develop  cancer  (ignoring  background  cancer 
cases) . 

Toxicity  values  for  compounds  that  exhibit  noncarcinogenic 
effects  through  a specific  exposure  route  are  termed  refer- 
ence doses  (RfD)  or  acceptable  intake  for  chronic  exposure 
(AIC) . The  noncarcinogenic  toxicity  values/iis€d  in  this  as- 
sessment are  presented  on  Table  3-4.  The^RfD'^ifor  a compound 
is  peer  reviewed  and  is  considered  to  b%:,:the  lev®  1 unlikely 
to  cause  significant  adverse  effects-*  based  on  ^threshold 
mechanism.  The  RfD  (or  AIC)  can  be  used  as  a comparison 
against  a dose  obtained  through-expo shte X Adverse  health 
effects  could  potentially  result , f-r:p& : expo  sure  to  compounds 
which  produce  noncarcinogenic  ef f ects  ::if  the  dose  received 
is  higher  than  the  RfD  (orATC)  . 3j7  \ 

Risks  are  presented-  in  Table  3-5"  by  exposure  scenarios  for 
each  pathway  that" ^ .ebhid^e'^qdantif  ied . Risks  from  exposure 
to  multiple  medial^,  within  a scenario,  are  also  included  in 
Table  3-5.  Risk  cohld  he  additive  across  exposure  scenarios. 
For  example,  a downwind  resident  could  utilize  the  ponds  for 
recreational  purposes  and  be  exposed  to  contaminants  while 
at  the  ponds  in  addition  to  inhaling  contaminated  dust  that 
has  moved  offsite.  Persons  living  in  the  towns  of  Anaconda 
or  Butte  could  use  the  ponds  for  recreational  purposes,  add- 
ing to  their  total  excess  lifetime  risk  from  exposure  to 
similar  contaminants  at  their  residences  and  work  places. 


56  USEPA,  1986a. 

57  ibid. 
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TABLE  3-5 

RISK  SUMMARY  FOR  CURRENT  HUMAN  EXPOSURE  SCENARIOS  (1) 
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Dermal  Contact  Not  quantified.  Anticipated  that  Not  quantified.  Anticipated  that  None 

additional  risk  from  this  pathway  additional  risk  from  this  pathway 

would  be  minimal,  see  dermal  contact  would  be  minimal,  see  dermal  contact 

with  surface  water.  with  surface  water. 
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2 x 10-8  for  maximum  inhalation  4 x 10-7  for  maximum  inhalation  ingestion  from  inhalation.  Using 

rates  and  7 x 10-9  for  most  probable  rates  and  2 x 10-7  for  most  probable  AMC  air  data  the  resulting  risk  is 

inhalation  rates.  No  risk  was  iden-  inhalation  rates.  No  risk  was  iden-  2 x 10-6.  No  risk  was  identified 

tified  from  exposure  to  non-carcin-  tified  from  exposure  to  non-carcin-  from  exposure  to  non -carcinogenic 

ogenic  compounds.  ogenic  compounds.  compounds  for  any  age  group. 
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(3) .  Mo  dissolved  concentrations  of  constituents  assumed  to  be  carcinogenic  through  dermal  exposure. 

Compounds  exhibiting  carcinogenicity  through  dermal  exposure  assumed  to  be  those  that  are  carcinogenic  through  ingestion. 

(4) .  Hazard  index  is  a method  of  determining  potential  health  risk  from  total  exposure  to  non- carcinogenic  compound 

through  a single  exposure  route  and  media. 

(5) .  C0I  is  a term  that  combines  the  assumed  intake  rate  and  the  concentration  of  the  contaminant  in  a specific  media. 


1 


These  cumulative  risks  have  not  been  quantified  in  this 
assessment . 


Pathways  and  contaminants  not  specifically  quantified  in 
this  assessment  would  add  to  the  total  carcinogenic  and  non- 
carcinogenic  risk.  Table  3-5  also  includes  a subjective 
evaluation  of  the  risk  from  unquant if iable  pathways. 


Risks  from  potential  future  scenarios  are  presented  in 
Table  3-6. 

Environmental  Risk  Characterization 


Monthly  average  concentrations  of  inorganic  compounds  in 
site  surface  water  exceed  acute  standards^  for  the  protection 
of  aquatic  life.  Stress  on  aquatic  life^could  manifest  it- 
self as  reduced  growth,  reduced  fertility^  increased  mortal- 
ity, and/or  morbidity,  etc.,:;,.  Report S:r from  MDFWP  do  not 
indicate  obvious  chr onic;  ;s t r e s s lp\the  aquatic  ecosystem; 
fish  are  large,  inv e r tebra t e su;#  f ej  "P resent,  and  the  environ- 
ment in  the  ponds  appears  tp  be "Stable . 58  However,  Mon- 
tana chronic  freshwater1  "aqiiaiic  standards  for  copper, 
cadmium,  lead,  %and  zinc|  ajre  regularly  exceeded  throughout 
the  pond  system. 


One  of  the  principal  adverse  environmental  impacts  associ- 
ated with  contaminants  at  the  site  is  the  offsite  migration 
of  metal  salts  from  the  Mill-Willow  Bypass  during  rainfall 
events.  Fishkills  in  the  Clark  Fork  River  have  occurred 
following  summer  thunderstorm  events  and  are  believed  to 
result  from  solubilization  of  metallic  salts  in  the 


58  Hadley,  William,  1988.  Montana  Department  of  Fish,  Wildlife  and  Parks,  Deer  Lodge 
Fish  Biologist/Area  Maanger,  Deer  Lodge,  Montana.  Personal  communication. 
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(2).  The  terms  'maximum'  and  'average'  in  rleation  to  risk  are  modifiers  meant  to  indicate  the  use  of  maximum  and  average  intakes 
and  concentrations  and  is  not  meant  to  imply  that  risk  is  anything  other  than  upper  bound  estimates. 


bypass. 59  See  Chapter  4 for  a more  detailed  discussion  of 
the  probable  causes  of  the  fishkills. 

Potential  future  impacts  to  the  aquatic  ecosystem  of  the 
ponds,  the  bypass,  and  the  Clark  Fork  River  would  occur  if  a 
catastrophic  event  caused  a breach  in  the  berms  of  the  pond 
system,  possible  liquefaction  of  pond  sediments,  and  rapid 
downstream  movement  of  sediment  and  surface  water.  In- 
creased suspended  particulates  in  the  water  column  would  be 
detrimental  to  fish  and  other  aquatic  life,  sqouring  would 
eliminate  habitat,  and  the  release  of  sedimeht  contaminants 
could  result  in  major  surface  water  qu a 1 it y iinp acts  for 
miles  downstream.  Riparian  plants  and  "tooted  ^emergent 
plants  could  be  eliminated  by  scouriiig  as^could  wetlands 
adjacent  to  the  river. 

Significant  areas  of  the  site  arf-coi^  barren  of  vege- 

tation (approximately  60  aqres  df\eixpbsed  tailings  along  the 
Mill-Willow  Bypass,  above;  Pond  3 , and  below  Pond  1).  Of 
areas  sampled  in  the  by  pi  as sf  : t hd=,  linv egetated  floodplain 
exhibited  the  highest::, concentrations  of  most  metals 
measured. 

Potential  future  "impacts ; to  the  terrestrial  ecosystem  of  the 
site  could  result  from  catastrophic  events,  as  described 
above  for  the  aquatic  ecosystem.  Habitat  would  be  elimi- 
nated, food  and  water  sources  affected,  and  the  ecosystem 
generally  would  be  severely  impacted. 

Chronic  impacts  to  wildlife  are  very  difficult  to  detect. 
Chronic  intake  and  accumulation  of  contaminants  may  result 
in  impairment  of  health,  which  could  be  indicated  by  in- 
creased susceptability  to  predation  or  disturbances  of  repro- 

cn 

Montana  Department  of  Fish,  Wildlife,  and  Parks  (MDFWP) , 1988.  Clark  Fork  Basin 
Project  Status  Report  and  Action  Plan.  H.E.  Johnson,  coordinator. 


ductive  cycles.  These  chronic  effects  may  or  may  not  be 
detected  in  species  currently  using  the  ponds.  Current 
impacts  to  wildlife  at  the  site  are  unknown.  Potential 
future  impacts  to  wildlife  both  at  the  site  and  downstream 
of  the  site  could  be  severe  if  a catastrophic  event  were  to 
occur. 

UNCERTAINTIES  AND  LIMITATIONS 

A risk  assessment  involves  the  use  of  both  scientifically 
verifiable  data  and  a variety  of  sub j ective/; assumptions . 

The  accuracy  of  the  assessment  is  influenced  by  the  degree 
of  uncertainty  in  site  data,  the  toxicological,  data  from 
which  a compound’s  toxic  effects  are^ir§4fcipAted,  hariid  the  as- 
sumptions used  to  estimate  dose.  These-" limitations  must  be 
kept  in  mind  when  evaluating  the^risk  dsfeimates  resulting 
from  the  assumptions  and  scenakiOs^used  M this  assessment. 


RISK-BASED  CLEANUP  GOALS  DEVELOPMENT 

Contaminant-spe cl |i C : ARAR s ! -hdv e been  identified  for  three  of 
the  operable  undtls  contaminated  media.  However, 
contaminant  -spec  i€idi;  ARARs  do  not  exist  for  soils  and  sedi- 
ments. The  State  o£i:  Montana  has  determined  that  the  Warm 
Springs  Ponds  Operable  Unit  should  be  cleaned  up  so  that  con- 
centrations of  constituents  in  soils  are  reduced  to  levels 
associated  with  an  excess  lifetime  carcinogenic  risk  between 
10-4  to  10-7. 

Using  assumptions  stated  in  the  PHEA,  potential  human  health 
risks  (greater  than  10“7  excess  lifetime  cancer  risk  for 
carcinogens  or  equal  to  the  "acceptable  intake"  for  noncar- 
cinogens) were  identified  for: 
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o Ingestion  of  sediments  (tailings)  for  all  exposure 
scenarios 

o Inhalation  of  sediment- laden  dust  for  all  exposure 
scenarios 

o Incidental  ingestion  of  surface  water  through 
occupational  contact 

o Ingestion  of  groundwater  as  a drinking  water 
source  for  the  potential  future  residential 
scenario 


Tables  6-26  and  6-27  in  the  PHEA  (Appendix  A)  summarize  the 
highest  excess  lifetime  cancer  riskS:;:;  identified  for  the  site 
and  the  exceedances  of  constituents  with^noncarcinogenic 
effects  by  exposure  scenario  arid-,  expo sure^r out e . 

CLEANUP  GOAL  CALCULATION  METHODOLOGY 

Carcinogenic  Effects 

A cleanup  concepttratiorf  has  been  calculated  for  each  sce- 
nario and  exposure  rpute/that  resulted  in  an  estimated 
excess  lifetime  cancer-risk  greater  than  1 x 10"7  using  the 
assumptions  outlined  for  the  exposure  scenario  in  the  PHEA. 
If  a combination  of  constituent  produced  a risk  that 
triggers  calculation  of  a cleanup  concentration  (a  risk  of 
1 x 10-7  or  greater) , but  each  individual  constituent  alone 
would  not,  the  proportion  that  each  constituent  contributes 
to  the  total  estimated  risk  was  determined  (as  a percentage) 
and  applied  to  the  target  risk  of  1 x 10“7  from  which  a soil 
cleanup  concentration  for  that  constituent  was  calculated. 
Soil  cleanup  concentrations  were  determined  by  examining 


each  scenario  that  identified  a risk  greater  than  10-7  and 
altering  the  soil  concentration  until  the  target  risk  of 
1.00  x 10“6  (or  a combination  of  risk  that  sums  to  1 x 10~7 
from  multiple  constituents)  was  generated.  Based  on  this 
analysis,  a soil  cleanup  concentration  of  250  ppm  has  been 
selected  for  arsenic. 


Noncarcinogenic  Effects 


The  concentration  of  a constituent  in  soils  or  sediments 
necessary  to  make  the  chronic  daily  intake  ( CDl ) of  that 
constituent  equal  to  its  "acceptable  intake"  calculated 
for  each  constituent  that  produces  none a#c inogeriic  effects 
that  exceeds  its  "acceptable  intake  "/under,  the  assumptions 
of  a scenario.  The  term  " a c c ep t ab  1^.:.  intake " is  defined  as 
either  the  reference  dose  (RfD)/d,£  one/dS;;, available , or  the 
acceptable  intake  chronic  ( AI C } . T|ie  Rf  and  AIC  are  route 
specific;  values  are  available  Ipr/inlialation  and  ingestion 
only.  | \ 


Lead 


Target  cleanup  %gdaj.s  caniiot  be  derived  from  calculations 
based  on  an  RfD  d%  AIQ  : because  such  numbers  have  not  been 
established  for  lead:.,/" 


The  USEPA  has  used  a target  cleanup  range  of  500  to 
1,000  ppm  for  lead  at  other  Superfund  sites. 60  For  the 
Warm  Springs  Ponds  Operable  Unit,  the  target  cleanup  level 
for  lead,  as  for  all  the  other  contaminants,  will  be 
determined  by  the  USEPA  and  the  State  of  Montana  and  stated 
in  the  Record  of  Decision.  A target  cleanup  level  of 
750  ppm  has  been  preliminary  selected  for  lead. 


^ USEPA,  1989.  OSWER  Directive  Interim  Guidance  on  Establishing  Soil  Lead  Cleanu 
Levels  at  Superfund  Sites. 
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POTENTIAL  CLEANUP  GOALS  FOR  THE  OPERABLE  UNIT 


The  following  discussion  addresses  potential  cleanup  goals 
for  exposure  scenarios  to  soil  and  sediment  where  excess 
lifetime  human  health  risks  are  10**  7 or  greater  for 
constituents  that  exhibit  carcinogenic  effects,  or  where 
constituents  with  noncarcinogenic  effects  exceed  their 
"acceptable  intake." 


Current  Recreational  Scenario 


Incidental  Ingestion.  The  PHEA  evaluate^  the  ^incidental 
ingestion  of  sediments  from  the  pond  arid  by  adults  that  use 
the  ponds  for  recreational  purposes ./'Total  intake  of  sedi- 
ments was  partitioned  according  to  Various  areas  where  inci- 
dental ingestion  could  occur  from  hand-td^mouth  activity. 
Contributions  to  the  total  c anoe ir :-r ls:k:;,f f om  Pond  2 (2  x 
10“5)  and  exposed  sediments^ (2  afe  10^) : are  roughly  equal  and 
largely  determine  the  total  .r  iskil  fThe  contribution  from  the 
Wildlife  Ponds  (1  x 1 Q;r ^4  d,oe:;s  hotiMinf luence  the  total 
cancer  risk.  Therefore >\thj|  target  excess  cancer  risk  for 
each  of  the  two  areas;: ;:r espondib le  for  the  total  excess 
cancer  was  set  %t:\5  x lplp  in  order  to  obtain  a total  target 
excess  cancer  risk  from  .this  exposure  route  of  1 x 10"? . 
Table  3-1  presents  the  concentrations  of  arsenic  in  soil 
that  result  in  an  excess  lifetime  cancer  risk  of  1 x 10“? 
through  incidental  ingestion  using  the  assumptions  of  the 
recreational  scenario. 


Current  Occupational  Scenario 

Assumptions  used  in  the  current  occupational  scenario  result 
in  excess  lifetime  cancer  risks  greater  than  the  target 
cancer  risk  of  1 x 10_7  for  incidental  ingestion  of  sedi- 
ments and  inhalation  of  sediment-laden  dust  that  originated 
from  exposed  areas  on  the  ponds. 


Table  3-7 

SUMMARY  OF  POTENTIAL  "CLEANUP"  GOALS 
(MOST  PROBABLE  INTAKES  THROUGH  ALL  EXPOSURE  SCENARIOS) 


Scenario 


Current  Recreational 


Average  Soil  Concentration 
to  Achieve  a Target 
Cancer  Risk  Level  of: 

— (mg/kg) 

1 x 10~7  1 x 10~6  1 x 10~5 

Cd  As  Cd  As  Cd  As 


Soil  Concentration 
to  Achieve  the 
CDI  = AICa 
(maximum  plausible 
Intake  rates) 

1 x 10~4 

Cd  As  Mil  Cu  Zn 


Ingestion 

Pond  2 Bottom  Sediments 
Pond  2 Exposed  Sediments 

Current  Occupational 

Ingestion 

Pond  2 Exposed  Sediments 
Inhalation 

All  Exposed  Sediments 
Current  Downwind  Residential 


19 

9.5 


1 . 7*c 


5 , 600c  254c 


190 

95 


17 


%,  >*.700 


Inhalation  (all  source  areas) 
Warm  Springs 
Eastside  Residences 


88c 

88c 


38c  880f  380% 

38c  880% 


Ingestion  Through  Inhalation 
Warm  Springs 
Eastside  Residences 


228* ; 
228* 


Potential  Future  Onsite  Residential 


Ingestion 

Pond  1 Exposed  Sediments 


O'M* 


1* 


10 


100  4,800 


ef 


900* 


5,000* 


Inhalation 

All  Sources  Areas  w/ in  the  ty.ow&a  88c  38^ 


a Daily  Intake  = Acceptable  Intake.. Chronic  (feg/kg  in  soil) 

° An  asterisk  (*)  by  the  value  indfi$£t<§S  it  is  less  than  concentrations  in  other  areas  of  the  state  (see 
Table  7 of  the  Technical  Memorandum  "Risk  Based  Potential  Soil,  Cleanup  Levels"). 

® These  two  must  be  added  together  to  obtain  a lO-'7  cancer  risk. 

d These  two  must  be  added  together  to  obtain  a 10'6  cancer  risk. 

® "Cleanup"  concentration  for  a child  (1  to  4 years  old). 

* Manganese  "cleanup"  concentration  for  an  older  child  (5  to  11  years  old)  is  35,000  mg/1. 
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Incidental  Ingestion.  The  PHEA  evaluated  the  incidental 
ingestion  of  sediments  from  exposed  areas  for  individuals 
working  at  the  ponds.  Arsenic  was  the  only  constituent 
detected  at  the  site  that  produces  carcinogenic  effects 
through  ingestion.  Only  the  sediments  from  exposed  areas 
were  considered  in  this  scenario.  Table  3-7  summarizes  the 
potential  soil  cleanup  concentrations. 

Inhalation.  Inhalation  of  sediment-laden  dust  while 
working  at  the  ponds  resulted  in  an  estimated .excess  life- 
time cancer  risk  of  2 x 10“6,  primarily  det attained  by  cad- 
mium (30  percent)  and  arsenic  (50  percent)*:^  Chromium  con- 
tributed 20  percent  to  the  total  excess"fifet:if#:;;:cancer  risk 
if  all  chromium  present  is  assumed  to  he  hexavalent . A 
target  cancer  risk  of  1 x 10“ 7 was  based on  inhalation  of 
cadmium  and  arsenic,  ignoring  .contribution  of  chromium 
(20  percent)  to  the  total.  Chromium :wasi;:n6t  considered  as 
it  is  unlikely  that  the  chromium,  present  in  soils  and 
sediments  is  hexavalent/chrome  (tihe  carcinogenic  specific)  . 
Hexavalent  chrome  is  rapid ly  reduce d to  trivalent  chrome  in 
soils.  The  soil  source  'concentration  of  cadmium  and  arsenic 
that  would  result  .Ih::"a;  <dushh  concentrations  that  would 
produce  the  totai\target  Cancer  risk  of  1 x 10“ 7 is  reported 
on  Table  3-7. 


The  toxicity  values  derived  for  inhalation  of  metals  are 
based  on  exposure  to  vapors  or  fumes,  not  to  dust  (although 
only  dust  occurs  at  the  site).  In  an  effort  to  be  conserva- 
tive, these  toxicity  values  are  assumed  to  be  applicable  to 
dusts.  Risks  were  calculated  from  ingestion  of  dusts 
through  the  inhalation  pathway.  Cleanup  concentrations  were 
not  calculated  through  this  pathway  as  cleanup  concentra- 
tions calculated  for  direct  ingestion  will  mitigate  the 
potential  risk.  (Risks  were  higher  for  direct  ingestion  by 
three  orders  of  magnitude.) 

4 


3-56 


Current  Residential  Scenario 


The  current  residential  scenario  only  considered  the  inhala- 
tion and  subsequent  ingestion  of  sediment-laden  dusts  that 
could  blow  from  the  site.  Winds  blow  to  the  north/northwest 
(out  of  the  south/ southeast)  over  40  percent  of  the  time. 

The  predominant  downwind  receptors  are  the  residents  of  the 
town  of  Warm  Springs.  However,  to  be  conservative,  the 
residences  east  of  the  ponds  up  on  the  cliffs  were 
considered  "downwind  receptors"  as  well. 

The  upper-bound  excess  lifetime  cancer  risk  £ tom  cadmium  and 
arsenic  through  inhalation  of  wind-blowii.  sediments  for  Warm 
Springs  residents  was  estimated  using  modeled  concentrations 
to  be  6 x 10”6 . The  excess  lifetime, cancer  risk  for  resi- 
dents east  of  the  ponds,  through-inhalation  of  wind-blown 
sediments  originating  from  the  \e^o;  s ied:;;  a tea  s of  the  ponds, 
was  estimated  to  be  as  high  as  % (also  driven  equally 

by  arsenic  and  cadmium)  y ; The|  soil  ^concentrations  of  arsenic 
and  cadmium  that  would,  result:,;;lh;,.d^  10“ ^ cancer  risk  from 
inhalation  of  dust s: -thr dugh;'  the  ' Current  residential  scenario 
are  reported  in *\. 

Potential  Future  Qnlsite  Residential  Scenario 

Ingestion.  Arsenic  was  the  only  constituent  detected  at 
the  site  that  produces  carcinogenic  effects  through  inges- 
tion Ingestion  of  maximum  reported  concentrations  of  mangan- 
ese, copper,  and  zinc  in  soils  at  the  maximum  plausible 
intake  rates  resulted  in  an  exceedance  of  "acceptable  in- 
takes" for  young  children  ( 1 to  4 years  of  age).  Ingestion 
of  the  maximum  concentration  of  manganese  at  maximum 
plausible  intakes  by  older  children  (5  to  11  years)  resulted 
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in  an  exceedance  of  the  RfD.  Potential  cleanup  concentra- 
tions for  these  compounds  are  reported  in  Table  3-7. 

Inhalation.  Inhalation  of  dusts  arising  from  soils 
throughout  the  pond  system  resulted  in  an  estimated  8 x 10“6 
excess  lifetime  cancer  risk  for  residents  of  a potential 
future  housing  development  on  Pond  1.  The  risk  was  driven 
primarily  by  arsenic,  cadmium,  and  chromium. 

Risk  was  apportioned  equally  to  arsenic  and  cadmium;  the 
target  risk  used  for  each  was  5 x 10“8  ( f or total  risk  of 
1 x 10“7 ) and  5 x 10“5  (for  a total  risk  :bf  ;1  x 10“4). 
Chromium  was  not  included  in  the  calculibion  of  "Che  target 
risk  for  reasons  previously  stated,  /'fee  soil  concentrations 
that  would  produce  an  entrainable  dhs ^Concentration  that 
could  result  in  the  target  cancer  : r isk\leve  1 for  each 
constituent  are  reported  in  Tabl:e:i-:3,-7::*:=:,  Excess  lifetime 
cancer  risks  were  calculated  f r dm : invest ion  of  dusts  through 
the  inhalation  pathway  identified;:  in  the  PHEA.  The  excess 
lifetime  cancer  risk  wa e st ima t e a s 1 x 10"6,  driven 
solely  by  arsenic . cleanup  concentration  was  not 
calculated  for  this  "pathway:,  because  the  target  concentration 
for  direct  ingesbion  would  eliminate  the  potential  risk 
through  this  pathway.  ,// 
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Chapter  4 

PROBLEM  DEFINITION 


This  chapter  provides  additional  information  concerning  pre- 
sent conditions  at  the  Warm  Springs  Ponds  Operable  Unit  and 
the  specific  public  health  and  environmental  problems  to  be 
addressed  by  remedial  actions.  Eight  environmental  and  hu- 
man health  problems  are  identified  and  discussed,  from  which 
the  feasibility  study  develops  site  objectives,.  (Chapter  5) 
and  remedial  action  alternatives  (Chapters  6 and  7).  The 
identified  problems  derive  from  the  results  of^the  remedial 
investigations  summarized  in  Chapter  2 i Japp li cable  or  rele- 
vant and  appropriate  requirements  summarized  in  Chapter  3 
(and  detailed  in  Appendix  B);  and  the  public  health  and  envi- 
ronmental assessment  siimmarized:  in  Chap  test  3 (and  presented 
in  Appendix  A)  . The  conclusion  bf this  . dhap ter  discusses 
the  relationship  between  the,  problems  at  the  Warm  Springs 
Ponds  Operable  Unit  and/thbsei  existing  within  the  remainder 
of  the  Silver  Bow  Creel:  ::S:it%»--:, 

ENVIRONMENTAL  AND  HUMAN  HEALTH  PROBLEMS 

The  existence  of  environmental  and  human  health  problems 
directly  correlates  with  noncompliance  with  applicable  or 
relevant  and  appropriate  requirements  (ARARs),  or  unaccept- 
able health  or  environmental  risks  where  ARARs  are  not 
available.  To  the  extent  that  compliance  with  ARARs  is 
achieved  under  the  remedial  action  alternative  selected,  the 
concerns  identified  in  this  chapter  should  be  addressed. 


The  eight  problems  can  be  described  in  terms  of  four  media: 
pond  bottom  sediments,  surface  water,  tailings  deposits  and 
contaminated  soils,  and  groundwater. 


Two  problems  are  associated  with  the  pond  bottom  sediments: 


o Floods  affecting  pond  stability--a  flood  could 

cause  the  pond  berms  to  fail  and  thus  release  the 
pond  bottom  sediments. 


o Earthquakes  affecting  pond  stability--an 

earthquake  could  cause  the  pond  berms  to  fail  and 
thus*  release  the  pond  bottom  sediments. 


There  are  four  problems  associated  with  sur.faee  water: 


The  tailings  in  and  along  t he  1 1 - Wi 11  ow  Bypass 

are  a source  of  sudden  high  .concentrations  of  dis- 
solved metals  in  the  bypass  channel  during  runoff 
events  and  cause  f ishkills  in  the  bypass  and  imme- 
diately downstream  ih  the  ©lark::  Fork  River. 


Chronic  dissolved\metai;s\loads  under  normal  flow 
conditions  in  Mill ,r  Willow , and  Silver  Bow  Creeks 
that  exceed, water:;  quality  standards  for  protection 

of  a qua%id: '-lif e 


Erosion  df::;  tailings  located  along  the  Mill-Willow 
Bypass  into  the  Clark  Fork  River  during  floods. 


o Erosion  of  tailings  from  upstream  reaches  of  Sil- 
ver Bow  Creek  during  floods  and  transport  through 
the  operable  unit  to  the  Clark  Fork  River. 


The  major  problems  with  tailings  deposits  and  contaminated 
soils  are  human  exposure  to  the  surface  contamination 
through  both  inhalation  and  ingestion,  the  absence  of 
vegetation,  and  the  potential  for  severe  impact  to  the 
terrestrial  ecosystem  in  the  event  of  a catastrophic  flood. 
The  problem  with  groundwater  is  the  contamination  present  in 
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the  groundwater  area  below  the  Pond  1 berm,  and  the 
groundwater’s  effects  on  potential  human  use  and  on 
environmental  receptors. 

MEDIA  1 — POND  BOTTOM  SEDIMENTS 


Pond  Stability — Floods 


As  noted  in  the  preceding  chapter,  the  Montana  Department  of 
Natural  Resources  and  Conservation  (MDNRC)  dam  safety  rules 
control  the  minimum  level  of  flood  protection : for  the  design 
of  dams  within  the  State  of  Montana,  and  .therefore  these 
rules  apply  to  the  Warm  Springs  Ponds .;=r:;|ihsed‘:!ioh\^  1978  in- 
spection by  the  U.S.  Army  Corps  of  Eiiginears , the  Warm 
Springs  Ponds  are  classified  as  high%Hazard  dams.l  For 
dams  classified  as  high  hazard ,/::DJSRC  dam  ^safety  rules  re- 
quire the  outlet  control  s t rue tufes,  :ab  1 e to  safely 

pass  certain  design  floods which \afe  dictated  by  the  amount 
of  water  impounded  and  the  height^  of  the  dam.  For  the  Warm 
Springs  Ponds,  the  r u le  s^^r e qulri-^.t  he  outlet  structures  to 
pass  the  following  design,,  floods  without  overtopping  the 
berms  : j 


maximum  flood  (PMF) 


Pond  1 — 0.2 
Pond  2--0.3  PMPi; 
Pond  3--0.5  PMF 


The  flood  model  study,  described  below,  indicated  that  if  no 
improvements  are  made,  the  ponds  would  likely  be  damaged  dur- 
ing these  design  floods.  Hence,  according  to  the  ARARs  de- 
termination made  by  the  State  of  Montana  and  the  USEPA, 
unless  the  remedy  selected  provides  for  complete  removal  of 


^ U.S.  Army  Corps  of  Engineers,  1979.  Dam  Safety  Inspection.  Warm  Springs  Ponds 
Tailings  Dams  and  Yankee  Doodle  Tailings  Dam  Project. 


the  pond  system,  the  pond  system  requires  modification,  at  a 
minimum,  to  meet  the  MDNRC  dam  safety  rules.  Moreover, 
since  the  dam  safety  rules  are  established  primarily  for 
dams  containing  only  water  and  not  contaminated  sediments, 
additional  measures  beyond  those  required  by  the  dam  safety 
rules  may  be  necessary  to  prevent  the  release  of  the  pond 
sediments . 


Flood  studies,  yielding  similar  conclusions,  have  recently 
been  completed  for  the  Silver  Bow  Creek  drainage  by  ESA  Geo- 
technical Consultants^  and  CH2M  HILL. 3 


In  the  study  conducted  by  CH2M  HILL,  hyd#6graphs\and  peak 
flows  were  calculated  for  the  10- , and  100 -year  floods, 

and  the  probable  maximum  flood.  The  floods  modeled 
represent  some  of  the  standard  ;,#lQ:pd  frequencies  that  are 
used  for  various  purposes  in  engineering  de s ign . The  PMF 
was  included  in  the  modeling,  because  "it-  is  a standard  design 
flood  considered  in  dam;  Stability:  Studies . No  specific 
return  intervals  are  assoc iated  ijwith  probable  maximum 
floods,  with  their  magnitude  being  determined  by  the  most 
severe  hydrometeorological  conditions  at  the  site,  rather 
than  an  extrapolation  of  standard  analyses  of  historical 
data.  / 


The  CH2M  HILL  report  included  a map  that  showed  inundated 
areas  for  the  100-year  flood  (Figure  4-2).  For  this  study, 
flood  inundation  maps  were  prepared  that  show  flooded  areas 
during  a 25-year  flood,  a 1/2  PMF,  and  a PMF  (Figures  4-1, 
4-3,  and  4-4,  respectively). 


^ ESA  Geotechnical  Consultants,  1987.  The  Mill-Willow  Bypass  Channel/Warm  Springs 
Ponds  Systems:  Flood  Studies  and  Conceptual  Design  Modifications.  Prepared  for  the 

Anaconda  Minerals  Company,  Fort  Collins,  Colorado. 

3 CH2M  HILL,  1988.  Silver  Bow  Creek  Flood  Modeling  Study.  Prepared  for  the  State  of 
Montana  Department  of  Health  and  Environmental  Sciences,  Helena,  Montana. 
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The  results  of  the  flood  studies  and  knowledge  of  the  exist- 
\ ing  conditions  of  the  berms  that  create  the  Warm  Springs 

Ponds  indicate  that  the  berms  are  susceptible  to  overtopping 
failure  during  flood  events  in  Silver  Bow  Creek  and  the  east 
side  drainages.  It  was  beyond  the  scope  of  this  study  to 
model  in  detail  the  failure  scenarios  likely  to  occur  for 
the  ponds,  but  based  on  calculated  flow  velocities  near  the 
berms,  it  is  likely  that  a 100-year  flood,  and  perhaps 
floods  of  less  intensity,  would  cause  extensive  damage  and 
possible  failure  of  the  berms.  This  would  lead  to  releases 
of  contaminants  from  the  ponds  and  associated/health  risks 
and  environmental  damage.  Much  larger  flbods;: could  result 
in  a general  failure  of  the  pond  berm  system , "which  would 
have  devastating  effects  on  the  Clark  Fork,  Rive f\;be cause  of 
the  release  of  a significant  portion  the  contaminated 
pond  bottom  sediments . 

The  ponds  are  also  susceptible  bp\;dhmdge  by  high  runoff  from 
the  hills  to  the  east.  prob ab lie  ^maximum  precipitation 

event  (i.e.,  the  1 a r g e%  exfi  §c  t ed..  % a in  f a 1 1 event)  in  the 
eastern  drainages  could  "djauibe  overtopping  failure  of  the 
berms  that  create  .Pbftd  1,  tfcith.  resultant  transport  of  the 
pond  bottom  sediments  into  the  Clark  Fork  River.  Pond  1 has 
a barely  sufficient  capacity  to  contain  a 0 . 2 PMF 
precipitation;  remedial  actions  in  Pond  1,  such  as  capping, 
could  reduce  this  storage  capacity  below  the  level  required 
to  contain  a 0.2  PMF  runoff /precipitation  event. 

Pond  2 has  sufficient  storage  capacity  to  contain  runoff 
from  a 0.3  PMF  event  from  the  hills  to  the  east.  Pond  3 has 
sufficient  storage  capacity  to  contain  a one-half  probable 
maximum  runoff /precipitation  event  from  the  hills  to  the 
east  without  overtopping.  However,  even  if  the  Ponds  2 and 
3 berms  did  not  fail  due  to  the  overtopping,  high  runoff 
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could  scour  some  of  the  finer  sediments  from  the  bottoms  of 
the  ponds  and  wash  them  out  of  the  ponds  into  the  Clark  Fork 
River. 


Damage  to  the  berms  from  either  a major  flood  on  Silver  Bow 
Creek  or  runoff  from  the  eastern  hills  could  result  in  at 
least  partial  release  of  the  estimated  19  million  cubic 
yards  of  pond  bottom  sediments.  The  distribution  of  the 
pond  bottom  sediments  is  about  2.9  million  cubic  yards  in 
Pond  1,  4.9  million  cubic  yards  in  Pond  2,  and  11.2  million 


cubic  yards  in  Pond  3.  The  environmental  effects  of  a 
release  of  the  sediments  could  vary  greatly-*,  depending  on 
the  total  volume  of  the  release,  the  rat#' of  hhl\re  lease , 
the  flow  rate  of  the  flood  during  the  release,  and  other 
factors. 


A release  of  a small  portion  of  %he:  :ged intent s and  tailings 
during  the  peak  of  a large  flood  mightr-not  have  a signifi- 
cant or  persistent  impact  on  the  qua  tic  environment  down- 
stream; the  contaminant#::wQuld  be  ^diluted  and  dispersed  over 
a large  area  of  th^-Glark  Fork  River.  On  the  other  hand, 
release  of  a larg#  :f  rachioil,  bf  these  solids  during  the  lat- 
ter stages  of  flood , when  the  flows  are  receding , could 
leave  large  area ered  with  thick  deposits  of  sediments . 
Such  a release  would  likely  damage  fish  populations  and 
aquatic  habitat  along  the  upper  Clark  Fork  River.  These 
deposits  could  also  be  a source  of  human  exposure  to  metals 
if  the  material  were  deposited  in  areas  of  human  population 
or  recreation  areas.  Remediation  of  the  damage  done  by  re- 
lease of  the  sediments  would  be  extremely  difficult  and  ex- 
pensive. 
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Pond  Stability — Earthquake 

% 

The  Warm  Springs  Ponds  are  located  within  the  northern  sec- 
tion of  the  Intermountain  Seismic  Belt,  which  is  a zone  of 
major  earthquake  activity  within  the  North  American  tectonic 
plate.  At  least  230  earthquakes  with  magnitudes  greater 
than  4.0  have  occurred  at  epicenters  within  187  miles  of  the 
Warm  Springs-Butte  area  during  the  last  107  years  of 
recorded  earthquakes  .‘4  The  largest  of  these  were  the 
1958  Hebgen  Lake,  Montana,  earthquake  (magnitude  7.1),  and 
the  1983  Borah  Peak,  Idaho,  earthquake  (magnitude  7.3). 

These  were  located  approximately  120  and  -l 60  miles  from  the 
site,  respectively. 

The  MDNRC  dam  safety  rules  require  that/ if  a dam  is  in  a 
region  subject  to  earthquakes,  .the  dam/pist  be  designed  to 
withstand  the  most  severe  e a r t hquak^  :that - c an  be  reasonably 
anticipated  under  the  currently  geologic  and  tectonic 

framework.  This  design.,  earthquake  \is  known  as  the  maximum 
credible  earthquake 

The  ground  shakihg;-dhrihg  an.  earthquake  can  cause  berms  that 
are  not  adequately  designed  and  constructed  for  such  events 
to  flow  like  a liquid*/ slumping  and  releasing  the  water  and 
semisolids  behind  them.  This  phenomenon  is  known  as  lique- 
faction. Earthquakes  can  also  cause  seiches,  that  is,  slosh 
ing  of  the  water  in  a pond  (wave  action)  that  can  overflow 
or  erode  berms,  thus  causing  failure.  Again,  it  was  beyond 
the  scope  of  this  study  to  explore  probable  earthquake  fail- 
ure scenarios  in  detail.  But  a review  for  this  study  of  pre 
vious  studies  of  the  ponds  and  what  is  known  of  the 


^ International  Engineering  Company  (IECO),  1981.  Geotechnl cal  and  Hydrologic  Studies 
of  the  Warm  Springs  Tailings  Ponds.  Anaconda,  Montana.  Prepared  for  the  Anaconda  Copper 
Company,  Denver,  Colorado. 
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construction  of  the  Warm  Springs  Ponds  berms  shows  that 
berms  are  not  strong  enough  to  withstand  even  a moderate 
earthquake . 


A study  of  the  berms  by  IECO  determined  that  they  were 
likely  to  fail  in  an  earthquake  less  than  the  maximum  cred- 
ible earthquake. 5 That  study  considered  only  the  east- 
west  berms  that  divide  the  ponds  and  did  not  examine  the 
stability  of  the  almost  4-mile-long  series  of  north-south 
berms  along  the  western  edge  of  the  ponds. 


Preliminary  results  from  a more  recent  study  of  the  berms, 
being  conducted  by  ESA  for  the  Anacondd  Ihtlinef alK;  Company , 
also  indicate  that  the  berms  are  susceptible  to ^failure  dur- 
ing an  earthquake.  However,  based  bn  additional  information 
on  the  materials  of  construction,^  that  study  concluded  that 
the  berms  are  less  susceptible^  fact  ion  failure  than 

the  IECO  study  assumed. 


A review  of  informat ibn  s regarding  the  em- 

bankment material s.^eojqf I rms.  that  the  east-west  and  north- 
south  berms  are/likely  to  fail  in  a moderate-to-severe  earth- 
quake; the  likelihood  bf| failure  appears  to  be  greater  than 
reported  by  IE  COX.  Ihib^as  determined  by  a preliminary  sta- 
bility evaluation  performed  for  this  study,  which  indicated 
that  the  downstream  slopes  of  the  berms  have  potential  to 
fail  at  accelerations  from  0.05  to  0.07  g (g  is  the  standard 
symbol  for  the  acceleration  of  gravity) . For  comparison,  in 
1981,  IECO  determined  that  the  acceleration  at  Warm  Springs 
Ponds  during  a maximum  credible  earthquake  could  be  as  high 
as  0.23  g. 


It  is  important  to  stress  the  preliminary  nature  of  these 
determinations.  If  the  selected  remedial  alternative  for 

5 Ibid. 
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the  Warm  Springs  Ponds  Operable  Unit  includes  stabilizing 

S the  berms  against  earthquakes,  it  will  be  necessary  during 

the  design  investigation  to  reevaluate  IECO’s  findings. 

This  reevaluation  should  be  in  light  of  improvements  in  the 
analytical  methods  for  estimating  maximum  credible  earth- 
quakes and  ground  motion  since  1981,  and  in  light  of  earth- 
quake activity  in  the  Intermountain  Seismic  Belt  since  1981 
(notably,  the  magnitude  7.3  Borah  Peak,  Idaho,  earthquake). 
The  results  from  an  updated  seismotectonic  study  would  be 
used  in  designing  and  upgrading  the  berms.  ;=%; 

Failure  of  the  upstream  slopes  (faces)  of  the  berms  was  not 
examined  in  this  study  because  information  on  the  materials 
and  construction  of  the  upstream  slopes  was  not  available. 
The  possible  need  for  stabilization  o:f "the  upstream  slopes 
is  not  considered  in  the  conceptual  designs  (Chapter  7)  or 
the  cost  estimates  (Chapter  8)  ^fot::thls,  study.  During  the 
remedial  design  investigation,  the  potential  for  upstream 
* slope  failure  will  have/to  be:  investigated. 

Failure  of  the  berms;:  froin,  an  earthquake  could  result  in  at 
least  partial  release  of\ the.  contents  of  the  ponds.  The 
tailings  and  sediments  in  the  ponds  are  sufficiently  liquid 
that  they  could  migrate  a considerable  distance  from  the 
ponds.  Although  it  has  not  been  determined  that  the  tail- 
ings and  sediments  in  the  Warm  Springs  Ponds  would  experi- 
ence spontaneous  liquefaction,  this  is  a process  that  has 
been  observed  in  seismically  induced  failures  of  other  tail 
ings  ponds.  If  this  process  did  occur,  the  tailings  and 
sediments  could  flow  for  miles,  contaminating  a large  area 
downstream  of  the  ponds.  The  tailings  and  sediments  occur 
in  layers  in  the  ponds  (see  Chapter  2).  Some  of  the  materi 
als  in  the  layers  would  be  more  susceptible  to  spontaneous 
liquefaction  than  other  materials.  The  probable  shear 
stress  behavior  of  the  entire  mass  of  tailings  and 

J 


4-17 


sediments,  as  layered  in  the  ponds,  was  not  modeled  in  this 
study.  This  type  of  modeling  was  not  completed  because  such 
an  analysis  would  serve  only  to  refine  the  distance  the  sedi 
ments  would  travel  and  the  area  impacted  by  the  release. 

The  area  contaminated  by  a berm  failure  could  be  extensive, 
especially  for  Ponds  2 and  3,  even  without  spontaneous  lique 
faction  of  the  pond  bottom  sediments. 


If  the  berm  on  the  north  side  of  Pond  1 failed,  and  if  the 
tailings  spontaneously  liquefied,  the  tailings*:,  and  sediments 
could  flow  a long  way  from  the  pond.  The  tailings  and  sedi- 
ments in  Pond  1 may  be  less  susceptible  pb/Mque  fact  ion  be- 
cause they  appear  coarser  than  the  sediments  ih  Ponds  2 and 
3,  and  because  they  are  partially  dewatered  due  to  the  inac- 
tive state  of  the  pond.  If  the  berm^ph  the  west  side  of 
Pond  1 failed,  a portion  of  the"  tail ings  and  sediments  would 
flow  into  the  Mill-Willow  Byp a lis l7"::-T:hd:-:i:iows  in  the  bypass 
could  then  carry  some  of  the,,  t a II trigs  arid  sediments  into  the 
Clark  Fork  River. 


The  Pond  2 berms  are-also  susceptible  to  failure . If  the 
north  (east -we s t* ) be rm,  f a i ladft  the  water  and  more-liquid 
sediments  in  Pond  2 would}  spill  into  Pond  1 . Pond  1 could 
hold  some  of  the  release"  from  Pond  2 , if  it  did  not  itself 
fail  due  to  the  earthquake . But  it  is  likely  that  a substan 
tial  fraction  of  the  released  sediments  would  not  be  con- 
tained in  Pond  1 and  would  spread  out  over  a large  area 
below  the  Pond  1 berm. 


If  the  berm  on  the  west  side  of  Pond  2 failed,  a large 
amount  of  the  tailings  and  sediments  could  be  released  into 
the  Mill-Willow  Bypass.  The  water  in  Pond  2--about  270  mil- 
lion gallons  (860  acre-feet ) --varies  in  depth  to  approxi- 
mately 4 feet.  This  amount  of  water,  leaving  the  pond 
through  a breach  in  the  berm,  could  further  damage  the  berm 
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and  scour  out  tailings  and  sediments  as  it  left  the  pond. 
Once  released,  the  flows  in  the  Mill-Willow  Bypass  could 
carry  the  sediments  to  the  Clark  Fork  River.  The  tailings 
could  also  spontaneously  liquefy  and  travel  miles  with  or 
without  the  aid  of  the  flows  in  the  bypass  and  the  Clark 
Fork  River. 


The  largest  potential  releases  of  sediments  would  be 
expected  if  either  the  north  or  the  west  berm  of  Pond  3 
failed.  Pond  3 contains  approximately  1.5  billion  gallons 
(4,800  acre-feet)  of  water  and  11.2  millio^cu'bic  yards  of 
sediments.  The  water,  tailings,  and  sedMe&t^%in  Pond  3 
could  flow  into  the  Mill-Willow  Bypass  oir  they\cbyild  cascade 
into  Ponds  2 and  1,  neither  of  which" has  sufficient  capacity 
to  contain  them.  This  could  result  in  :a  : nearly  complete 
failure  of  the  pond  system,  re shilling  In  "large  releases 
covering  extensive  areas  to  th4;.  ndrth  and/or  west  of  the 
ponds . 


Whichever  failure  scenario  hqcuireh  for  Pond  3,  a major  re- 
lease of  the  t a il ings-::.and:;,  shd iment s from  the  ponds  would 
result.  The  relhahe  w?uld  not  be  diluted,  as  would  a 
release  during  a flood-caiised  failure.  Cleaning  up  the 
release  and  returning.,;  th4  sediments  to  the  ponds  would  be 
extremely  expensive  and  difficult. 


MEDIA  2— SURFACE  WATER 


There  are  four  major  problems  associated  with  surface  water 
and  exceedances  of  water  quality  standards  near  the  Warm 
Springs  Ponds: 

o Tailings  and  metal  salts  in  the  Mill-Willow  Bypass 
contribute  high  metals  concentrations  to  the  by- 
pass and  the  Clark  Fork  River  during  thunderstorms. 
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This  has  caused  several  major  fishkills  over  the 
last  few  years. 

o Dissolved  and  nondissolved  metal  loads  are  carried 
downstream  to  the  Warm  Springs  Ponds  area  via  Sil- 
ver Bow  Creek,  Mill  Creek  and  Willow  Creek.  Due 
to  current  level  of  treatment  of  Silver  Bow  Creek 
in  the  Warm  Springs  Ponds  and  no  treatment  of  Mill 
and  Willow  Creeks,  the  combined  flows  of  these 
three  creeks  often  exceed  chronic  ambient  water 
quality  standards  in  the  bypass  below  the  Pond  2 
outlet.  X. 

o Tailings  deposits  in  the  Mi 11 -Willow  Bypass  erode 
and  are  transported  to  the%jCTark  Fork  River,  espe- 
cially during  higher  conditions . These  tail- 

ings can  contribute  to  both  chronic  and  acute 
exceedances  of  the  amb ierifc:  water  quality  standards 
in  the  Clark  .F'qrk^Rivet;,  \ 

o Tailing s, -from  ’feh#\upper  reaches  of  Silver  Bow 

Creek  : can  b^.  erode#  and  transported  through  the 
Warm  "Springs  Ponds  Operable  Unit  and  subsequently 
to  the  Clark  Fork  River.  There  the  tailings  can 
c ont r ibu t o both  chronic  and  acute  exceedances 
of  the  ambient  water  quality  standards. 

Fishkills  in  The  Mill-Willow  Bypass 

There  have  been  five  documented  fishkills  associated  with 
the  Mill-Willow  Bypass  since  1983.  They  occurred  on  Aug- 
ust 9,  1983;  August  2,  1984;  July  3,  1987;  May  27,  1988;  and 
July  13,  1989,  and  the  first  four  are  documented  in  Montana 
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Department  of  Fish,  Wildlife,  and  Parks  memoranda.6 
Data  from  the  most  recent  fishkill  were  not  yet  available 
when  this  report  was  written. 


All  five  fishkills  followed  a similar  pattern.  They  were 
associated  with  locally  intense  thunderstorms  in  the  Warm 
Springs  Ponds  area,  usually  after  extended  dry  periods.  The 
fishkills  started  in  the  Mill-Willow  Bypass  and  extended 
down  the  Clark  Fork  River  to  various  extents.  In  the  1984 
event,  over  a thousand  dead  fish  were  observed  in  a 15-  to 
20-mile  stretch  of  the  Clark  Fork  River.  Over  5,000  dead 
fish  were  reported  following  the  July  1989 jifvent . 

The  fishkills  have  been  linked  to  high  concentrations  of  cop- 
per in  the  water;  zinc  concentrations  and  low  pH  levels  may 
also  be  factors  in  fish  mortality,.  Obtaining  data  to  demon- 
strate exceedances  of  the  acute  amhrent  water  quality  stan- 
dards is  difficult  for  short  duration :::::eVents  such  as  metal 
releases  associated  with  loqal  thunderstorms . However,  some 
data  were  obtained  by\the  Mont  ana  :jiDep  ar  tment  of  Fish,  Wild- 
life, and  Parks  f opt- the our  documented  fishkills  including 
metal  concentra tioriI;: - arid  pH.  in  the  stream  and  copper  and 
zinc  concentrations  in  gill  tissue . The  May  1988  event  did 
not  cause  f i shki 11 s : : out  side  of  the  Mill-Willow  Bypass  as  it 
was  a smaller  event  than  the  three  previous  ones . However, 
the  data  collected  for  this  event  were  more  complete  within 
the  Mill-Willow  Bypass  than  for  the  previous  events  and  are 
described  in  detail  in  the  following  paragraphs. 

Table  4-1  lists  copper  concentrations  detected  in  the  bypass 
over  time  for  the  fishkill  of  May  27,  1988,  beginning  near 

6 Montana  Fish,  Wildlife  and  Parks  Memoranda:  Glen  Phillips  to  File,  August  31,  1983; 

Dick  Pedersen  and  Glenn  Phillips  to  File,  August  7,  1984;  Glenn  Phillips  to  File, 

August  23,  1984;  Glenn  Phillips  to  File,  September  5,  1984;  Glenn  Phillips  to  Steve 
Pilcher,  July  22,  1987;  Glenn  Phillips  to  Larry  Peterman,  August  11,  1987;  and  File  Data, 
1988. 
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Table  4-1 

MILL-WILLOW  BYPASS  WATER  QUALITY  DURING  AND  AFTER  A THUNDERSTORM 

MAY  27  AND  28,  1988 


Metal 

Total  Concentration 

Alkalinity  Hardness  (ug/1) 


Location 

Date 

(time) 

pH 

(as  CaCO-j) 

(as  CaCO^) 

Cu 

Zn 

Mill-Willow 
near  hog  hole 

May  27 

(3:50  p.m. ) 

4.79 

1.2 

160 

2,480 

3,250 

Mill-Willow 
near  Pond  2 

May  27 

(4:00  p.m. ) 

5.52 

7.8 

164 

1,800 

2,460 

Clark  Fork 
below  Warm 

May  27 

(4:30  p.m. ) 

7.24 

61.0 

133 

70 

120 

Springs 

bridge 

j; 

Mill-Willow 
near  Pond  2 

May  27 

(5:15  p.m.) 

7.18 

38.0 

J"  u$% 

280 

320 

Mill-Willow 
near  Pond  2 

May  27 

(6:10  p.m. ) 

7.25 

45 . 0 J 

” 109 

100 

90 

Mill-Willow 

May  28 

(8:45  a.m.) 

7.35 

5 die  J 

r :/:107 

30 

60 

near  Pond  2 :;i''  .-f 

Note:  Average  values  for  the  Mill-Willow  Byp.a:ssT::ar.e  copper  37kug/l  and  zinc  72  ug/1 

(RI  Phase  I data) . 1= 

Ambient  water  standards  to  protect  aquatiijLci; life  dbpper  are  18  ug/1  (acute) 

and  12  ug/1  (chronic);  and  for  zinc,  are  i;26:!:;ug/i  (acute)  and  110  ug/1  (chronic). 

Source:  Fish  and  Wildlife  Service^flata.  :;i;. 
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the  end  of  the  thunderstorm.  The  copper  concentrations 
recorded  on  May  27  and  28  are  well  above  the  acute  ambient 
water  quality  standards  for  freshwater  aquatic  species 
(18  ug/1)  for  a hardness  of  100  mg/1.  Actual  concentrations 
in  the  Mill-Willow  Bypass  were  as  high  as  2,480  ug/1.  The 
rapid  decline  of  the  copper  concentrations  as  the  storm  pro- 
gressed and  passed  indicates  that  the  high  levels  were  a 
transient  event,  associated  with  the  storm. 

Table  4-2  lists  the  metal  concentrations  in  the  gills  of 
dead  or  moribund  fish  collected  during  the  Mhy  1988  fishkill 
The  high  levels  for  copper  and  zinc  ind i ca t.&x, the  fish 
absorbed  significant  amounts  of  these  metals  dUfr^a  short 
period  of  time;  fish  would  die  at  mucin  lower  levels  if  the 
concentrations  built  up  over  time. 

The  rapid  elevation  and  dissipatldn-pf' metals  concentra- 
tions in  the  water  during  storm  e vetit s : :ihd i c a t e that  contami 
nants  are  derived  from  a : teadily  available  source  of  highly 
soluble  compounds,  i . e !imet%l:::, Salts . A source  of  such 
salts  has  been  identified^,  a long  the  Mill-Willow  Bypass.  Dur 
ing  extended  dry  periods , salts  of  copper  and  zinc  form 
through  the  evaporation |of  soil  moisture  on  the  tailings 
deposits  that  exist  along  the  bypass . As  described  in 
Chapter  2,  the  remedial  investigation  determined  that  there 
are  approximately  21  acres  of  exposed  tailings  deposits 
along  the  bypass  with  a corresponding  volume  of  approxi- 
mately 76,000  cubic  yards. 

The  copper  salts  are  clearly  visible  during  warmer  months  as 
blue-  and  green-colored  surface  deposits.  The  salts  are  not 
apparent  on  soils  other  than  the  exposed  tailings. 

There  are  two  possible  mechanisms  for  the  formation  of  the 
soluble  salts  along  the  bypass.  The  postulated  mechanism  is 
the  direct  formation  of  soluble  species  from  the  tailings 
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Table  4-2 

METALS  CONCENTRATIONS  IN  GILLS  OF  FISH 
COLLECTED  FROM  THE  MILL-WILLOW  BYPASS, 
MAY  27  AND  28,  1988 


Metal  Concentration 
Dry  Gill  Tissue 
(ug Izl 


Species 

Copper 

Zinc 

Brown  trout 

49 

225 

Brown  trout 

92 

158 

Brown  trout 

22 

244 

Longnose  suckers3 

228  jT% 

184 

Longnose  suckers3 

163  /€/' 

143 

Longnose  suckers3 

77 

116 

Longnose  suckers3 

164  X ^ 

170 

Longnose  suckers3 

i55/’  y 

166 

Longnose  suckers3 

106 

%,/  131 

Whitef ish3 

€73:  ,/J 

125 

3Composite  gill  samples  from  two1 -fish  were  combined. 

Note:  Fish  had  just  been  killed  severely  stressed 

at  the  time  they  were...  colleohed^-1" 

Source:  Fish  and  Wildlife  Sefyice  data. 

CVOR108  / 056  . wp 
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deposits  through  oxidation.  The  appearance  of  the  visible 
salts  only  on  the  tailings  deposits  argues  for  this  as  the 


probable  mechanism.  An  alternative  mechanism  is  formation 
of  the  salts  due  to  wicking  up  and  evaporation  of 
contaminated  groundwater  from  beneath  the  surface,  which 
would  leave  behind  metal  salts.  However,  the  groundwater 
along  the  bypass  has  been  sampled  and  tested  for  metals,  and 
the  results  indicate  that  the  groundwater  is  not 
significantly  contaminated  with  copper  or  zinc.  Table  4-3 
lists  the  analytical  results  for  groundwater  samples  taken 
along  the  bypass  (see  Figure  2-13  for  the  sampling  points). 
In  addition,  the  formation  of  the  salts  piily , dh,  the  tailings 
argues  against  the  groundwater  as  their  source,  because 
wicking  and  evaporation  of  groundwater  would  lead  to  a more 
uniform  distribution  of  the  salts  at^the  surface. 


The  sediments  in  and  along  the 
copper  and  zinc.  The  results  are' 
High  levels  of  the  two  pistils | 
ments  in  the  bypass , we;r  P-  de  tec  ted 


;s  have  been  analyzed  for 
eseiited  in  Table  4-4. 
ive  to  the  other  sedi- 
!ij;;in  the  metallic  salts. 


The  copper  sulfate '"that  would  result  from  oxidation  of  cop- 
per sulfide  in  the,  tailings  would  be  readily  soluble  in 
water.  Though  no ' dit:# • ate  available  on  the  copper  (or  zinc) 
species  of  the  visible  salts,  they  have  been  determined  to 
be  readily  soluble  during  laboratory  tests  to  determine 
their  metal  content. 


The  postulated  mechanism  for  the  fishkills  is  that  the  rain 
water  dissolves  the  metal  salts  and  washes  them  into  the  by- 
pass, resulting  in  the  fishkills.  The  elevated  levels  of 
metals  detected  in  the  gills  of  dead  fish  suggest  that  the 
fish  died  from  the  metal  contaminants. 


4-25 


Table  4-3 

CONTAMINANT  CONCENTRATIONS  IN  GROUNDWATER 
ALONG  THE  MILL -WILLOW  BYPASS 


Well 

SamDleda 

Date 

Copperb 

(ug/1). 

Zincb 

(ug/1) 

07-D 

1/15/88 

8U 

38 

07-S 

1/15/88 

15 

60 

08-D 

12/29/87 

8U 

36  J 

08-D  (R) 

12/29/87 

8U 

4 1 J 

08-S 

12/29/87 

8U 

22  J 

15-D 

1/20/88 

8U 

28  J 

15-D  (R) 

1/20/88 

8U  A 

26 

15-S 

1/20/88 

8^/' 

27J 

a(R)  = Replicate  sample. 

U = Not  detected;  the  detection 

1 imi  t=i"  I s 1 Is  t ed  . 

J = The  value  is  useful  only  as  aii  estimate  because 
quality  control  criteria  wer|  not- met . 

D = Well  in  a deep  aquifer. 

S = Well  in  a shallow  aquifer , 
b Ambient  water  standards  to  p r b t e btN.aqu&t: ic  life  for  copper 
are  18  ug/1  (acute)  and  12  ug/lk  (idhrphiq j ; and  for  zinc  are 
120  ug/1  (acute)  and  110  ug/1  ( dhrQriic=)::;,::: 

Note  : Sampling  points  :a:f:e:::::sh0wn  "pri  Figure  2-8  . 
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Table  4-4 

MILL-WILLOW  BYPASS  SEDIMENT  DATA 
BY  MATERIAL  TYPE 


Material  Tvoe 

Copper 
(mg /kg) 

Zinc 

(mg/kg) 

Type 

1 Sand 

Average 

Range 

Concentration 

1,103 

371  - 3,900 

1,459 

431  - 3,600 

Type 

2 Sand 

Average 

Range 

Concentration 

534 

19  - 1,690 

780 

46  - 2,130 

Type 

3 Sand 

Average 

Range 

Concentration 

1,40Q/W\, 
206  - KJ730  \ * 

1,701 

: 205  - 5,330 

Silt 

Average 

Range 

Concentration 

% ,%7 4Vl! 

468V  3;,  040 

3,023 

712  - 6,760 

Metallic  Salts 

Average  Concentration 
Range 

\ V:,T3 

% ,15;0:  --66,300 

21,266 

524  - 64,300 

Notes:  ;|  \ | 

Type  1 Sand- -Sand,  brown,  very  fine  to  fine  grained, 
moderately  well  sdrped",  occasionally  silty. 

Type  2 S and  - -S  arid , b r own  to  light  brown,  medium  to  coarse 
grained,  poorly  sorted , occasionally  silty. 

Type  3 Sand  V S and , e 1 1 ow  - b r own  to  orange,  very  fine  to  fine 
grained,  moderately  well  sorted.  Typically  associated  with 
visible  tailing  deposits . 

Silt--Silt,  dark  brown  to  yellow-brown,  sandy,  typically 
abundant  root  fragments.  Generally  associated  with  good 
vegetation  growth.  Sometimes  occurs  within  a vegetation  mat. 

Metallic  Salts--Bluish-green  to  orange  material,  crystalline 
character,  typically  forms  a crust  over  sand  material. 
Commonly  associated  with  tailing  flats. 
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In  order  to  test  the  possibility  of  rain  dissolving  soluble 
metal  species  from  tailings,  an  experiment  was  performed. 

At  a site  several  miles  upstream  from  the  bypass,  where 
large  tailings  deposits  exist,  sprinklers  were  run  for 
4 hours  after  an  extended  dry  spell  to  simulate  a summer 
rain  event.  The  resultant  runoff  was  collected  and  analyzed 
for  both  total  and  dissolved  copper.  The  analyses  detected 
dissolved  copper  concentrations  of  640,000  ug/1  and  total 
copper  concentrations  of  930,000  ug/1  'in  the  runoff.  These 
results  indicate  that  70  percent  of  the  coppe^ washed  from 
the  tailings  was  in  soluble  forms;  the  remainder  was 
particulate-borne.  These  runoff  concentrations  would  be 
diluted  when  combined  with  the  surface:  water  in  the  channel. 
However,  even  with  a large  dilution/in/" the% stream,  these 
levels  far  exceed  the  acute  toxicity\sMndards  (18  ug/1)  for 
copper  in  freshwater  organisms 


It  is  probable  that  metal -contaminated  particulates  contrib- 
uted to  the  fishkills  as  will i Dhring  dry  spells,  airborne 
dust  may  transport  me t el^c ont amina t e d particulates  to  areas 
in  and  along  the  bypass . Particulates  have  been  detected  in 
the  gills  of  the-  dead1  :iand  moribund  fish  collected  after  the 
fishkills.  TheWater  analyses  reported  in  Table  4-1  are  for 
total  recoverable  :ebpper-;  and  therefore  include  both 
dissolved  copper  and  ysbpp  e r - c ont amina t ed  particulates. 
However,  the  results  in  Table  4-4  indicate  that  the  silt 
(finest)  fraction  of  the  sediments  contains  levels  of  copper 
only  one-tenth  as  high  as  the  levels  in  metallic  salts. 
Therefore,  the  particulate  contribution  to  the  fishkills  is 
anticipated  to  be  far  less  than  the  contribution  from 
dissolved  forms  of  copper  and  zinc. 


In  summary,  while  transient  phenomena  such  as  the  observed 
fishkills  are  difficult  to  study  and  even  more  difficult  to 
model,  the  evidence  available  at  this  time  points  to  the 
visible  salts  on  the  tailings  deposits  as  the  primary  cause 
of  the  fishkills. 
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Metal  Loads  in  the  Stream  Flows 


I 


> 


Silver  Bow  Creek,  Mill  Creek,  and  Willow  Creek  contain  de- 
tectable levels  of  metals,  mostly  copper,  arsenic,  lead,  and 
zinc.  A summary  of  the  average  copper  and  zinc  concentra- 
tions from  the  Phase  I remedial  investigation  for  selected 
surface  water  sampling  sites  is  shown  in  Table  4-5. 

(Tables  2-8  through  2-11  give  a detailed  summary,  for  all 
metals  detected,  of  the  surface  water  quality  in  the 
operable  unit  during  the  remedial  investigation. ) For 
example,  on  the  average,  the  inflow  to  the  ponds  (SS-19), 
the  discharge  from  Pond  2 (PS- 12),  and  the  : combined  flows  of 
Mill  and  Willow  Creeks  (SS-18)  exceeded  the  chrohlc  ambient 
water  quality  standard  for  copper.  The  standard 'was 
exceeded  in  100,  70,  and  60  percent  of  the  samples  in  the 
Phase  I remedial  investigation  for  SS-19 ,\PS-12  and  SS-18, 
respectively . 


The  Mill-Willow  Bypass  was  cons t rutted  to  route  the 
comparatively  cleaner  Mill  and.  Willow  Creek  flows  around  the 
ponds  and  to  the  C lark  Fbrk  - Jlive  r without  mixing  with  the 
comparatively  mQfd:;;;icdl^aLaihat^d  Silver  Bow  Creek  flow.  How- 
ever, recent  data -.indie  a tie  that,  although  Mill  and  Willow 
Creeks  are  cleaneKfhah  Silver  Bow  Creek,  they  still  contrib- 
ute a significant  portion  of  the  total  amount  of  dissolved 
metals  reaching  the  Clark  Fork  River.  For  example,  based  on 
the  average  copper  concentrations  and  averages  flows  at  SS- 
18  and  PS- 12  for  the  Phase  I remedial  investigation  data, 
the  copper  load  of  the  combined  flows  of  Mill  and  Willow 
Creeks  (SS-18)  were  in  magnitude,  approximately  30  percent 
of  the  load  for  the  discharge  from  Pond  2 (PS-12). 


The  Warm  Springs  Ponds  system  treats  the  Silver  Bow  Creek 
flow  by  three  types  of  processes:  1)  physically  settling 

out  suspended  solids,  such  as  tailings,  and  precipitating 
dissolved  metals  through  2)  biological  and  3)  chemical  proc- 
esses. Thus,  metal  contaminants  from  Silver  Bow  Creek, 
whether  suspended  or  dissolved,  are  removed  to  some  degree 
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Table  4-5 

COMPARISON  OF  AVERAGE  METAL  CONCENTRATIONS  FOR  PHASE 
SURFACE  WATER  SAMPLES  TO  CHRONIC  WATER  QUALITY  STANDARDS 
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by  the  pond  system.  Mill  and  Willow  Creeks  are  diverted 
around  the  pond  system  in  the  Mill-Willow  Bypass  and  receive 
no  treatment. 

Settling  of  suspended  solids  occurs  simply  as  a result  of 
decreased  flow  velocities  in  the  ponds  compared  to  the 
velocities  in  the  creek  channel.  The  removal  of  dissolved 
metals  occurs  because  of  photosynthetically  induced  chemical 
precipitation,  chemical  precipitation  (during  the  winter), 
and  uptake  of  metals  by  and  subsequent  settling  of  aquatic 
plants.  The  effectiveness  of  the  ponds  is  ebhhnced  by  the 
addition  of  lime  during  colder  months  when  ,thb,  amount  of 
light  available  for  photosynthesis  and: 1 bib logic aT  activity 
is  diminished. 

Without  the  treatment  current ly-  provided  -"by  the  ponds  sys- 
tem, the  chronic  ambient  water : quality  standard  for  copper 
(12  ug/1  for  a hardness  of  100  is^(Z):4:::"£or  example,  would  be 
regularly  exceeded  in  thb,:  upper  redch  of  the  Clark  Fork 
River  (more  than  75  pd=£benteii;:qf  the;  time)  . However , even 
with  the  pond  syst§mLs  bur rent  treatment  of  the  Silver  Bow 
Creek  flow,  the  watl:r^;;quai:ity:  standards  are  frequently  ex- 
ceeded as  descried  previously  (see  Chapter  2).  The  dis- 
solved metals  in  the  three  creeks  ultimately  contribute  to 
the  chronic  exposure  to  fish  in  the  Clark  Fork  River. 

Until  the  upstream  sources  of  the  contaminants  are  ad- 
dressed, the  treatment  currently  provided  by  the  pond  system 
will  need  to  be  continued  within  the  existing  pond  system  or 
in  another  pond.  (The  flows  are  so  large  that  only  a pond- 
type  treatment  system  is  practical,  see  Chapter  6.)  In 
order  to  meet  the  surface  water  ARARs  identified  in 
Chapter  3 on  a consistent  basis,  the  current  system  will 
have  to  be  improved  to  provide  more  effective  and  consistent 
treatment.  (Under  some  flow  conditions,  the  existing  pond 
system  acts  as  a source  of  increased  contamination  rather 
than  affecting  net  improvement  in  water  quality--see 
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Chapter  7.)  Alternatively,  a new  pond  system  of  a greater 
treatment  capacity  will  be  required. 


Tailings  in  the  Mill-Willow  Bypass 


Tailings  along  the  Mill-Willow  Bypass  probably  are  a combina- 
tion of  deposits  that  occurred  before  the  construction  of 
the  ponds,  deposits  from  Silver  Bow  Creek  floods  since  the 
construction  of  the  ponds  (high  flows  are  diverted  around 
the  ponds  rather  than  being  allowed  to  flow  through  them) , 
and  perhaps  some  deposits  from  Willow  Creek/ V^he  total 
amount  of  identifiable  tailings  in  the  bypass has  been  esti- 
mated at  79,000  cubic  yards.  This  includes  76 , 000  cubic 
yards  of  exposed  tailings  deposits  and  3 ,000  cubic  yards  of 
tailings  with  vegetation  cover. 


It  is  assumed  that  these  tail ingS::-a .e rbded  and  transported 
out  of  the  bypass  to  the  Clark  lopk  River  with  higher  flow 
events  such  as  b ank- full  condiit idns  transporting  larger  vol- 
umes of  sediments.  Ohcdk deposited ?;:’in  and  along  the  banks  of 
the  Clark  Fork  R iv t hey  «ijp on t r lb u t e to  the  contamination 
that  already  exists"  the  re  and  may  thus  contribute  to  adverse 
effects  to  fish..  As  noted  previously,  metal- contaminated 
particulates , such  as  tailings,  may  also  contribute  to  fish- 
kills  . The  specific,  metals  of  concern  in  the  tailings  are 
described  in  Chapter  2 and  include  copper,  zinc,  and 
arsenic . 


It  is  not  possible  to  predict  exactly  the  adverse  effects 
that  could  result  from  continued  erosion  of  the  bypass  tail- 
ings and  redeposition  in  and  along  the  Clark  Fork  River. 

This  is  because  Warm  Springs  Creek  and  the  Mill-Willow  By- 
pass converge  and  form  the  Clark  Fork  River  at  its  defined 
starting  point.  Thus,  any  exceedances  of  the  water  quality 
standards  in  the  upper  reaches  of  the  Clark  Fork  River  would 
be  a combined  effect  of  the  two  watersheds.  (Warm  Springs 
Creek  is  also  contaminated.) 


If  the  tailings  were  redeposited  along  the  banks  of  the 
Clark  Fork  River  as  they  are  now  along  the  bypass,  they 
might  cause  or  at  least  contribute  to  transient  exceedances 
of  the  water  quality  standards  of  the  type  that  now  cause 
fishkills  in  the  bypass.  And,  of  course,  the  tailings  could 
contribute  to  the  chronic  contamination  in  the  river. 

Transport  of  Tailings  to  the  Clark  Fork  River 

The  Warm  Springs  Ponds  are  27  river  miles  from  Butte,  where 
most  of  the  mining-related  activities  occurred  that  led  to 
the  contamination  of  the  entire  Silver  Bow  Creek  system. 
Silver  Bow  Creek  is  contaminated  along  much  df  those 
27  miles,  with  several  large  depo s it s : :o f /tailings 
interspersed  with  many  smaller  t a i lings  deposits  (see 
Figure  ES-3).  Much  of  these  tailing s 1 wdre  released  into  the 
creek  as  a (then  common)  d i sp ds al: -p f ac t ice  and  they  settled 
out  wherever  velocities  in^the  \ t;e4k  de creased.  There  are 
also  much  smaller  deposit sH-:;p|  tailings  along  Willow  Creek. 


The  vertical-to- horizon t a 1% gradient  of  Silver  Bow  Creek  flat- 
tens from  0 . 008:  ^ the  canyon  10  miles  south  of 

Pond  3,  as  shown  in  Figure  ES-3,  to  0.003  at  the  headwaters 
of  the  Clark  Fork:  Rival;,/  As  the  stream  velocity  slows , the 
coarser  material  settles  out.  Because  of  this,  there  are 
also  deposits  of  tailings  along  the  creek  downstream  of  the 
canyon  (see  Figure  ES-3).  The  tailings  are  being 
continuously  transported  down  Silver  Bow  Creek,  but  the  rate 
of  transport  depends  on  the  flow  conditions  in  the  creek. 
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Altogether,  some  3 million  cubic  yards  of  tailings  are  esti- 
mated to  exist  upstream  of  the  Warm  Springs  Ponds. 7 
These  tailings  are  eroded  by  flows  in  Silver  Bow,  Mill  , and 
Willow  Creeks.  High  flows  especially  can  erode  and  move 
large  quantities  of  these  tailings.  The  recent  flood 
studyS  estimated  that  a 100-year  flood  on  Silver  Bow 
Creek  would  deliver  100,000  cubic  yards  (1  acre,  62  feet 
deep)  of  sediments  to  the  Warm  Springs  Ponds.  These 
sediments  would  consist  of  both  natural  soil  and  sediments, 
but  would  include  a large  amount  of  tailings.  The  majority 
of  these  eroded  tailings  would  be  carried  by  the  rapid  flood 
flow  through  the  operable  unit  and  to  th^'Clatk  Fork  River. 


Small  scale  movements  of  tailings  in^Silver  Bow  Creek  (less 
than  2 -year  storm  events)  are  currently  settled  out  in  the 
pond  system.  Calculations  performed  a:;s,  impart  of  this  study 
indicate  that  the  outlet  s t rue tutea  b£ ; P bnd  3 can  accept 
flows  up  to  600  cubic  f eet  ;;:per  Second  (cfs)  total,  without 
inducing  scour  from  the  bottom  oft.  the  pond.  At  flows  above 
600  cfs,  scour  of  the  bottom  sediments  would  likely  occur 
because  of  the  higher :;;wdter!r ve lbd it ie s near  the  pond  bottom. 
This  action  could  Result::  in  higher  concentrations  of  metals 
leaving  Pond  3 than  entering  it . Such  scouring  is  likely  in 
Pond  2 at  even  lower  flow  rates  due  to  its  very  shallow 
depth  and  much  lower  effective  volume.  Six  hundred  cfs 
equates  to  about  a 2-year  storm. 


Additionally,  tailings  moving  down  Mill  and  Willow  Creeks 
are  not  routed  through  the  pond  system  but  instead  flow 


^ Hydrometrics,  1983.  Summit  and  Deer  Lodge  Valievs  Long-Term  Environmental 
Rehabilitation  Study,  Butte-Anaconda,  Montana,  Volume  VI.  Silver  Bow  Creek.  Prepared  for 
Anaconda  Minerals  Company,  Butte,  Montana. 

8 CH2M  HILL,  1988. 
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into  the  Mill-Willow  Bypass  and  on  into  the  Clark  Fork  River 
These  flows  also  carry  eroded  tailings  into  the  operable 
unit . 


Because  of  these  facts,  much  of  the  three  million  cubic 
yards  of  tailings  upstream  of  the  Warm  Springs  Ponds  can  be 
expected,  based  on  existing  conditions,  to  reach  eventually 
the  Clark  Fork  River  via  the  Mill-Willow  Bypass  during  high 
flow  events.  The  continued  transport  of  these  tailings  to 
the  Clark  Fork  River  contributes  to  the  tailings 
contamination  that  already  exists  in  the  r i^er . Additional 
tailings  deposits  would  contribute  to  increased  chronic 
metal  concentrations  in  the  Clark  Fork  Oliver  in  the  future. 
The  same  as  tailings  eroded  from  the  Mill^Willow  Bypass , if 
deposited  along  the  banks  of  the  Clarte;  f:ork  River,  these 
tailings  could  also  contributed^  transient  exceedances  of 
the  water  quality  standards  and  perhaps  f ishkills . 


MEDIA  3— TAILINGS  DEPOSITS  AND  CONTAMINATED  SOILS 


Figure  ES-1  shows  dhe^ai'ea^  of  tailings  deposits  around  the 
pond  system.  In  edition  to;^  these  areas,  there  are  soils 
that  contain  varying  percentages  of  tailings  or  that  are 
otherwise  metal  dpntaminated . The  area  of  tailings  depos- 
its and  contaminated. .soils , as  described  in  Chapter  2,  is 
estimated  to  be  approximately  420  acres  with  a corresponding 
volume  of  1.9  million  cubic  yards. 


The  primary  pathways  identified  for  potential  human  exposure 
to  these  contaminants  are  direct  (skin)  contact,  inhalation 
of  dust  from  the  surface,  and  incidental  ingestion  of  con- 
taminated media  (soil  and  sediment).  The  Public  Health  and 
Environmental  Assessment,  which  was  summarized  in  the  preced 
ing  chapter  and  appears  in  its  entirety  in  Appendix  A,  dis- 
cusses these  three  exposure  routes  in  detail  and  the  human 
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health  hazards  associated  with  them.  It  also  discusses 
risks  posed  to  the  environment  as  a result  of  the  tailings 
deposits  and  contaminated  soils. 

The  Public  Health  and  Environmental  Assessment  describes 
various  scenarios  for  human  exposure  to  the  surface  contami- 
nation. These  are  the  current  residential,  current  occupa- 
tional, current  recreational,  and  future  residential  scenar- 
ios. The  current  residential  scenario  describes  the  expo- 
sure for  those  people  currently  living  near  the  ponds.  The 
current  occupational  scenario  describes  the  exposures  for 
the  current  workers  at  the  ponds,  and  the  current  recrea- 
tional scenario  presents  the  exposures1  :f 5 r people  who  use 
the  pond  area  for  recreational  purposes. ^ The  future  residen- 
tial scenario  presents  the  potential  Msks  for  people  who 
might  reside  within  the  Warm  Springs  Ponds  Operable  Unit  in 
the  future . 

For  the  current  recreational! scenario,  the  excess  lifetime 
cancer  risks  associatdd!|;witii!:::the:,  incidental  ingestion  of 
exposed  sediments  Is, .estimated  to  be  3 x 10“6  for  the  aver- 
age exposure  conditional  ladjH  x 10“5  for  maximum  plausible 
exposure  conditions . Both  of  these  exposure  conditions  are 
described  in  the  Public  Health  and  Environmental  Assessment. 
For  the  current  occupational  scenario,  the  excess  lifetime 
cancer  risks  are  2 x 10“5  and  2 x 10"^  for  average  and  maxi- 
mum plausible  exposure  conditions,  respectively.  For  the 
future  residential  scenario  the  excess  lifetime  cancer  risks 
are  3 x 10"4  and  2 x 10"3  for  the  average  and  maximum 
plausible  risk  condition,  respectively.  In  addition  to 
incidental  ingestion  of  exposed  sediments,  these  sediments 
can  be  entrained  into  the  air  and  inhaled.  The  excess 
lifetime  cancer  risk  for  the  current  residential  scenario  is 
estimated  to  be  8 x 10"6  for  the  most  plausible  condition 
for  inhalation  of  exposed  sediments.  This  value  is  based  on 
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data  produced  from  air  models,  which  may  overestimate  the 
risk  from  inhalation,  as  discussed  in  Appendix  A. 

Generally,  USEPA  considers  acceptable  risks  as  those  from 
10“^  to  10-7.  Hence,  the  maximum  excess  lifetime  cancer 
risk  identified  for  the  exposed  sediments  is  a problem  that 
must  be  addressed. 

MEDIA  4— GROUNDWATER 

As  described  in  Chapter  2,  exceedances  of  primary  maximum 
contaminant  levels  for  cadmium  and  arsenic  #efe  identified 
in  wells  located  in  the  shallow  sand  and  gravel  aquifer  in 
and  below  Pond  1.  The  levels  of  cont^ihantb%  the 
groundwater  downgradient  of  Pond  1 are  given  in -Table  2-13. 

The  area  of  primary  maximum  contL&pinant  "level  exceedances  in 
groundwater  caused  by  the  ponck  systla^l^^stimated  to  cover 
180  acres.  There  are  two . ::p  r ima ry:; Ire d sons  why  the  area  of 
contamination  is  not  more  -extensive . Most  significantly, 
the  pond  bottom  sediments  ;:<ta:il:ijigs  and  sediments)  form  a 
low  permeability  layer  bn  the  bottoms  of  the  ponds,  particu- 
larly in  Ponds  \ Thus , the  contaminated  water  in  the 

ponds  and  in  the%sedimbnts  does  not  leak  out  and  contaminate 
the  groundwater  to  the  degree  that  it  otherwise  would.  Addi- 
tionally, upward  gradients  in  the  aquifer  north  of  Pond  1, 
and  the  interception  of  the  groundwater  in  that  area  by  the 
Clark  Fork  River,  have  kept  the  groundwater  contamination 
from  spreading  very  far  north  of  the  ponds. 

Contamination  of  the  Clark  Fork  River  by  groundwater  inflow 
has  been  estimated  based  on  average  flows  and  contamination 
levels.  The  contaminated  groundwater  discharge  to  the  Clark 
Fork  River  is  estimated  (based  on  pump  tests  in  wells)  to  be 
approximately  1 cubic  foot  per  second,  while  the  average 
flow  in  the  Clark  Fork  River  is  approximately  140  cubic  feet 
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per  second.  As  shown  in  Table  2-13  for  the  shallow  wells 
below  Pond  1,  only  cadmium  with  a value  of  3.6  ug/1  is  above 
the  chronic  ambient  water  quality  standard.  (At  a hardness 
of  100  mg/1  the  standard  for  cadmium  is  1.1  ug/1.)  Thus, 
the  groundwater  impact  on  the  Clark  Fork  River  is  small,  and 
indivisible  from  metals  concentrations  in  the  river  from 
other  sources. 

Because  of  the  potential  risk  to  receptors  of  the  contami- 
nated groundwater,  and  based  on  the  ARARs  analysis  by  the 
State  of  Montana  and  the  USEPA,  the  exceedances  of  the 
maximum  contaminant  levels  in  the  aquifer  is  :a.  problem  that 
must  be  addressed. 

RELATION  TO  THE  HEALTH  AND  ENVIRONMENTAL  CONCERNS 

FOR  THE  WHOLE  SITE  i:%  1 

The  location  of  the  Warm  :Sp-rings\ Ponds  Operable  Unit  in  rela- 
tion to  other  parts  o£  fehe  Sil^er:h;;Bow  Creek  Site,  as  well  as 
other  sites  in  the-Olark  Fork  itlver  Basin,  is  a significant 
factor  in  de termislhg:., the  "types  and  range  of  alternatives 
available  to  achieve  a; permanent  remedy  at  the  operable 
unit,  as  required  by  Sliperfund.  The  human  health  and  envi- 
ronmental risks  described  above  can  be  attributed  to  contami- 
nation that  has  migrated  from  upstream  areas  to  the  operable 
unit.  The  primary  mode  of  the  migration  has  been  and  contin- 
ues to  be  surface  water  flowing  in  Silver  Bow,  Mill,  and 
Willow  Creeks.  The  surface  water  is  itself  a contaminated 
media,  but  it  also  functions  to  transport  other  media,  such 
as  tailings  and  sediments,  to  the  Warm  Springs  Ponds.  This 
results  in  the  presence  of  existing  human  health  and  environ- 
mental problems  at  the  operable  unit,  as  well  as  the  contin- 
ued potential  for  future  human  health  and  environmental 
problems  from  upstream  sources.  Accordingly,  source  control 
measures  in  some  instances,  and  migration  management 
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measures  in  other  instances, 9 are  necessary  to  achieve 
the  statutory  mandate  of  assuring  permanent  protection  of 
human  health  and  the  environment . 10  The  following 
discussion  describes  the  relationships  of  the  eight  problems 
identified  at  the  Warm  Springs  Ponds  Operable  Unit  to  the 
problems  that  exist  in  the  remainder  of  the  Silver  Bow  Creek 
Site.  The  effect  that  this  interrelationship  might  have  on 
the  appropriateness  of  using  source  control  as  opposed  to 
migration  management  measures  to  achieve  remediation  are 
also  identified. 


POND  BOTTOM  SEDIMENTS 

The  flood  and  earthquake  stabilities  of  the  pond:  berms  are 
unrelated  to  the  problems  in  the  remainder  of  the  Silver  Bow 
Creek  Site.  The  possible  approaches  fq readdressing  the  po- 
tential release  of  the  pond  bop  tom, : s ediiflent  s presently 
contained  are  generally  not:,  af fedtdd  by  the  approaches  that 
might  be  taken  in  the  future1:;  to  remedy  the  upstream  problems. 
However,  the  loss  of  the  ponds  during  a flood  or  earthquake 
would  have  a large^pqtentially  catastrophic  impact  on  the 
Clark  Fork  Rive r ,.:i :bos« ib ly  l;a s far  as  the  Milltown  Reservoir, 
which  is  also  a Superfund  site.  The  Milltown  Reservoir, 
approximately  14'5::,  fiyer;:  miles  from  Butte,  already  contains 
tailings  from  the  Butte  area.  The  potential  for  a cata- 
strophic failure  of  the  ponds  is  the  primary  reason  that  the 
Warm  Springs  Ponds  were  identified  as  the  first  operable 
unit  within  the  Silver  Bow  Creek  Site  to  be  studied. 


q 

40  CFR  § 300.68(d).  The  NCP  defines  "source  control  remedial  action"  as  "measures 
that  are  intended  to  contain  the  hazardous  substances  or  pollutants  or  contaminants  where 
they  are  located  or  eliminate  potential  contamination  by  transporting  the  hazardous 
substances  or  pollutants  or  contaminants  to  a new  location."  It  defines  "management  of 
migration"  as  "actions  that  are  taken  to  minimize  and  mitigate  the  migration  of  hazardous 
substances  or  pollutants  or  contaminants  and  the  effects  of  such  migration." 

40  CFR  § 300.6. 

CERCLA  § 121(b)(1)  and  (d)(1),  42  USC  § 9621(b)(1)  and  (d)(1). 


4-39 


SURFACE  WATER 


The  fishkills  most  likely  originate  from  tailings  along  the 
Mill-Willow  Bypass,  and  to  that  extent  the  solution  to  the 
fishkills  lies  in  addressing  the  problem  within  the  Warm 
Springs  Ponds  Operable  Unit.  However,  because  additional 
tailings  from  upstream  areas  continue  to  be  deposited  in  the 
bypass,  a permanent  solution  of  the  fishkill  problem  will 
require  additional  cleanup  actions  upstream.  This 
feasibility  study  explores  means  to  control  the  transport  of 


eroded  upstream  tailings  until  the  upstream  : 
deposits  are  either  removed  or  otherwise idontrplled , or  in 
case  of  catastrophic  events  that  may  cause  up St be am  cleanups 


to  fail. 


The  sources  of  the  metal  loads  in:  Silver  SB  ow,  Mill,  and  Wil- 
low Creeks  are  upstream  of  the  Wfrm  Springs  Ponds.  The  al- 
ternatives explored  for  this  prob lemr in  this  operable  unit 
feasibility  study  only  addredls  options  for  managing  the  mi- 
gration of  these  watetbdrne:;" petal Contaminants.  Alterna- 
tives for  cleanup  pfi-phe  sources1  of  the  contaminants  are  not 
included  in  thi^a^^/^u^Wldll  be  considered  in  later  fea- 
sibility studies  for  the  lup  stream  portions  of  the  Silver  Bow 
Creek  Site. 


From  the  perspective  of  developing  remedial  alternatives,  it 
is  significant  that  an  average  of  approximately  100  cubic 
feet  per  second  of  contaminated  water  from  Silver  Bow,  Mill, 
and  Willow  Creeks  is  constantly  flowing  into  the  Warm 
Springs  Ponds  Operable  Unit.  The  only  feasible  means  to 
treat  this  large  flow  of  contaminated  water  is  in  the 
existing  pond  system  or  in  a new  pond  system.  This  fact 
restricts  the  range  of  alternatives  that  are  technically 
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feasible  for  the  Warm  Springs  Ponds  Operable  Unit. 
Alternatives  that  would  disrupt,  greatly  alter,  or  eliminate 
the  existing  pond  system  would  most  likely  have  to  include  a 
new  pond  system  to  treat  the  contaminated  stream  flows,  at 
least  until  the  upstream  sources  are  controlled.  Even  if 
upstream  sources  are  controlled,  if  upstream  remediation 
cannot  reduce  the  contamination  in  the  creeks  to  below  the 
levels  required  by  the  ARARs,  treatment  of  the  creek  flows 
in  the  pond  system  may  be  required  over  the  long  term. 

Erosion  of  the  tailings  currently  in  the  Mill-Willow  Bypass 
into  the  Clark  Fork  River  is  a problem  that  4.s  - contained 
within  the  operable  unit,  and  its  solution  mudt  be  based  on 
actions  taken  in  the  bypass. 

The  passage  of  upstream  tailing#;Uhrou|;h  the  operable  unit 
also  presents  a problem.  The  albirnatiyes  developed  in  this 
study  do  not  include  upstream  actions  to  stop  the  tailings 
from  eroding;  they  focus  ph::i;:actiohs\  that  can  be  taken  within 
the  immediate  v ic ini ty"  o E;;  the  - pdnds  to  capture  the  tailings 
after  they  are  eroded^,  bht  before  they  reach  the  Clark  Fork 
River.  They  do  riot  inc l^d dh  actions  to  stabilize  or  remove 
the  tailings  from^the  banks  of  Mill,  Willow,  and  Silver  Bow 
Creeks . These  s our  deubont  r o 1 actions  will  be  evaluated  in 
later  feasibility  studies  for  the  upstream  portions  of  the 
Silver  Bow  Creek  Site. 

TAILINGS  DEPOSITS  AND  CONTAMINATED  SOILS 

The  surface  contamination  in  the  Warm  Springs  Ponds  Operable 
Unit  originated  from  flows  from  the  upstream  areas.  Alterna- 
tives that  would  remove  the  existing  surface  contamination 
must  consider  that  some  cleaned  areas  could  be  recontamin- 
ated with  additional  tailings  carried  by  subsequent  floods, 
at  least  until  the  time  that  all  of  the  upstream  tailings 
are  stabilized  or  removed.  This  feasibility  study  explores 
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means  to  manage  the  migration  of  upstream  tailings  until 
those  tailings  are  either  removed  or  controlled  at  their 
source . 


GROUNDWATER 


The  problem  of  contaminated  groundwater  near  Pond  1 is  inde- 
pendent of  the  problems  that  exist  outside  of  the  Warm 
Springs  Ponds  Operable  Unit.  Consequently,  actions  taken  to 
address  contaminated  groundwater  are  independent  of  the 
actions  that  might  later  be  taken  to  address1  other  areas. 
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Chapter  5 

IDENTIFYING  REMEDIAL  OBJECTIVES  AND 
GENERAL  RESPONSE  ACTIONS 


I 


This  feasibility  study  develops  alternative  methods  of  clean 
up  for  the  contaminated  media  (i.e.,  pond  bottom  sediments, 
surface  water,  tailings  deposits  and  contaminated  soils,  and 
groundwater)  of  the  operable  unit.  The  process  of  develop- 
ing these  cleanup  alternatives  for  the  entire  operable  unit 
begins  with  identifying  a range  of  actions  tha€  can  be  taken 
Identifying  the  range  of  possible  act i ons, : c ons:i s t s of  six 
steps:  1)  identify  remedial  action  objectives;;  h2 ) identify 

general  response  actions  for  each  of,  the  contaminated  media; 
3)  identify  the  area  and  volume  of  eac:h:: of  the  contaminated 
media  to  which  each  response  action  mdy  be  applied;  4)  iden- 
tify and  screen  technologies  ahd:i  p. r o e e s s op t i o n s applicable 
to  each  general  response  action;,  5 j select  representative 
process  options;  and  6) ^assemble \t he  representative  process 
options  into  media- specific/ actions  that  represent  a range 
of  options,  including^  i:s.  appropriate,  treatment,  removal, 
and  containment 

To  explain  the  objectives  of  remediation,  this  chapter  first 
provides  a summary  i;o;f  the  legal  framework  under  which  reme- 
diation must  be  conducted.  This  chapter  then  discusses  the 
first  three  steps  mentioned  above.  The  remaining  three 
steps  are  described  and  completed  in  Chapter  6.  In  Chap- 
ter 7,  the  media-specific  actions,  which  are  conceptual,  are 
developed  into  more  specific  actions  that  could  be  taken  to 
achieve  the  remedial  goals.  In  Chapter  8,  the  media- 
specific  actions  are  assembled  into  alternatives  for  the 
entire  operable  unit. 


^ USEPA,  1988.  Guidance  for  Conducting  Remedial  Investigations  and  Feasibility 
Studies  Under  CERCLA,  (Interim  Final,  Sept.  1988).  Washington,  DC.  4-3  to  4-5. 
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STATUTORY  AND  REGULATORY  REQUIREMENTS 

The  primary  purpose  of  a feasibility  study  is  to  1)  identify 
a broad  range  of  potential  alternatives  for  remedial  action; 

2)  compare  the  alternatives  to  assess  their  feasibility  in 
terms  of  effectiveness,  implementability , and  cost;  and 

3)  evaluate,  in  detail,  several  of  the  most  feasible 
alternatives  both  individually  and  against  one  another.  All 
of  this  must  be  accomplished  within  the  framework  of 
Superfund  and  its  implementing  regulations  prescribing  the 
method  for  a feasibility  study. 


Superfund  requires  selection  of  a remedial  action  that  is 
protective  of  human  health  and  the  environment,  is  cost  ef- 
fective, achieves  ARARs , and  uses.,  permanent  solutions  and 
alternative  treatment  technolog i es-. of^resource  recovery  tech- 
nologies to  the  maximum  extent  pra chi  cable . 2 (If  several 
remedial  actions  are  equally  effective,  the  lowest  cost  ac- 
tion can  be  selected.  )i[  Add.it  iorially , Superfund  establishes 
a preference  for  remedial  actions  that  permanently  and  sig- 
nificantly reduce  the^vhlume  ^ toxicity,  or  mobility  of  the 
hazardous  substahc.es , pip  llut  ants , and  contaminants  of  con- 
cern at  each  siti^. '\The  law  identifies  as  the  least  favored 
remedial  action  alternative  one  in  which  offsite  transport 
and  disposal  of  hazardous  substances  or  contaminated  materi- 
als occurs  without  treatment. 3 


Superfund  also  emphasizes  consideration  of  1)  the  long-term 
uncertainties  associated  with  land  disposal;  2)  the  goals, 
objectives,  and  requirements  of  the  Federal  Solid  Waste  Act; 
3)  the  persistence,  toxicity,  and  mobility  of  hazardous  sub- 


1 CERCLA  § 121(b)(1),  U2  USC  § 9621(b)(1). 

3 Id. 


* 
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stances  and  their  constituents  and  their  propensity  to  bio- 
accumulate; 4)  short-  and  long-term  potential  for  adverse 
health  effects  from  human  exposure;  5)  long-term  maintenance 
costs;  6)  the  potential  for  future  remedial  action  costs  if 
the  alternative  remedial  action  selected  were  to  fail;  and 
7)  the  potential  threat  to  human  health  and  the  environment 
associated  with  excavation,  transportation,  and  redisposal 
or  containment . ^ First  and  foremost,  Superfund  requires 
that  remedial  actions  attain  a degree  of  cleanup  that  "at  a 
minimum. .. assures  protection  of  human  health  and  the 
environment . "5 

In  addition,  for  any  hazardous  substance:  remaining  onsite, 
the  remedial  action  must  attain  applicable  or  relevant  and 
appropriate  requirements  (ARARs),  uhleles  one  of  six  statu- 
tory waivers  to  attainment  of  ARARs  applies. 6 ARARs  at- 
tainment and  human  health  and  envir bnme rit.a  1 protectiveness 
are  threshold  requirements  for  any/:  se  bee  ted  action. 

Moreover,  federal  regulations  require  that,  to  the  extent 
possible  and  appropriate^  the  feasibility  study  develop  at 
least  one  r eme d ia L- -alt etna  t ive  in  each  of  the  five  following 
categories:  l),  alternatives  for  treatment  or  disposal  at  an 

offsite  facility ;%  21  alternatives  that  attain  ARARs;  3)  al- 
ternatives that  exdeecf  ARARs ; 4)  alternatives  that  do  not 
attain  ARARs  but  that  reduce  the  likelihood  of  present  or 
future  threat  from  the  hazardous  substances,  and  that  pro- 
vide significant  protection  to  public  health  and  welfare  and 
the  environment;  and  5)  a no-action  alternative.'4 * 6 7 


i 


4 id. 

^ CERCLA  § 121(d)(1),  42  QSC  § 9621(d)(1). 

6 CERCLA  § 121(d)(2)(A)  and  (d)(4),  42  USC  § 9621 (d) (d) (A)  and  (d)(4). 

7 40  CFR  § 300.68(f)(1)  . 
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REMEDIAL  ACTION  OBJECTIVES 


r 

Remedial  action  objectives  are  essentially  site  cleanup 
goals,  designed  to  address  the  site  problems  identified  in 
Chapter  4.  Remedial  action  objectives  are  expressed  in 
terms  of  meeting  ARARs , when  available.  When  ARARs  are  not 
available  or  not  adequately  protective,  remedial  action  ob- 
jectives are  expressed  in  terms  of  meeting  other  site-spe- 
cific human  health  and  environmental  protectiveness  stan- 
dards. In  general,  remedial  action  objectives  should  be  as 
specific  as  possible  without  unduly  limit  ing;::\the  range  of 
alternatives  that  can  be  developed. 8 

The  remedial  action  objectives  specify/ the  contaminants  of 
concern,  the  media  (e.g.,  soils,  sediments,  groundwater,  and 
surface  water)  of  interest,  exposure  pathways , and  accept- 
able contaminant  levels  (e.g.  , ; ARARs>  f or:;:  each  exposure 
route . 9 Remedial  action  objectives  f dm  protecting  human 
receptors  from  contaminated:  me  did  should  express  both  a con- 
taminant level  and  an  Exposure  moute ; appropriate  protection 
can  be  achieved  by  reducing  contaminant  levels,  reducing 
exposures,  or  a combination  of  these  two  approaches.  10  In 
contrast,  remedial  action  objectives  for  environmental 
(e.g.,  plants,  wildlife , water ) receptors  generally  seek  to 
preserve  a resource/and,  thus,  should  be  expressed  in  terms 
of  cleanup  levels  for  the  particular  media,  whenever 
possible . 1 1 

Contaminant-specific  ARARs,  when  available  and  adequately 
protective,  should  form  the  basis  of  the  site 


8 USEPA,  1988.  4-3  and  4-7. 
Id.  4-7  and  4-15. 


10 


Id. 


11 


Id. 
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ob j ectives . 12  When  contaminant-specific  ARARs  are  not 
available  (as  for  human  exposure  to  contaminated  soil  at  the 
Warm  Springs  Ponds  Operable  Unit),  then  site-specific  human 
health  and  environmental  protectiveness  standards,  identi- 
fied through  the  public  health  and  environmental  assessment 
process,  form  the  basis  of  the  remedial  action  object- 
ives.^ Site-specific  human  health  and  environmental 
protectiveness  standards  also  form  the  basis  of  remedial 
action  objectives  when  contaminant-specific  ARARs  are  not 
adequately  protective  (e.g.,  if  multiple  contaminants  pose  a 
cumulative  risk  not  adequately  protected  by  the  ARAR) . 

Based  on  the  identified  problems,  the  results  - p'Kk  the  Public 
Health  and  Environmental  Assessment,,  and  the  analysis  of 
ARARs,  a list  of  remedial  obj ectives,  has  been  established 
for  the  Warm  Springs  Ponds  Operable  Unit  \ 

o For  pond  bottom  s e d imen t s , the  remedial  objective 
is  to  prevent ,;:te:le as es\of  the  pond  bottom  sedi- 
ments from  design  floods  or  earthquakes  (0.5,  0.3, 
and  0.2  PMF  for  Bonds" -3,  2,  and  1,  respectively). 


o For  surface  water,  the  remedial  objectives  are  to: 

Meet\ambient  water  quality  standards  estab- 
lished pursuant  to  the  Montana  Water  Quality 
Act  at  a compliance  point  just  above  the 
defined  starting  point  of  the  Clark  Fork 
River.  The  precise  point  at  which  compliance 
will  be  measured  will  be  established  by  the 
lead  agency  in  the  Record  of  Decision. 


12  id.  4-3. 

13  id. 
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Prevent  ingestion  of  water  within  the  oper- 
able unit  above  the  Montana  Public  Water 
Supply  Act’s  maximum  contaminant  levels, 
ambient  standards  to  protect  public  health, 
and  established  reference  doses  for  copper, 
iron,  lead,  zinc,  and  cadmium.  Also  prevent 
ingestion  of  water  containing  arsenic  in 
concentrations  that  would  cause  an  excess 
cancer  risk  greater  than  10-Zf  to  10~7 . 


Reduce  the  migration  of  tailings  from  the 
Mill-Willow  Bypass  to  the  Clark  Fork  River  in 
order  to  reduce  the  potential  :£or-:  future 
exceedances  of  ambient  water  quality  stan- 
dards in  the  Clark  Fork-River. 


Reduce  the  migration  of  tailings  from  the  up- 
per reaches  of  Silver,  Bow,  Mill,  and  Willow 
Creeks  to  the  X^laikfFork  River  in  order  to 
reduce  it  he  potential  for  recontamination  of 
the  Mill-Willow  Bypass  and  future  exceedances 
of  ambient  water  quality  standards  in  the 
.Clark  Fork  River. 


For  tailings  deposits  and  contaminated  soils,  the 
remedial  objective  is  to  establish  an  appropriate 
vegetative  cover  capable  of  self-regeneration  and 
to  reduce  the  potential  for  human  exposure  to  ex- 
posed tailings  and  other  surface  contamination  (in- 
cluding exposed  sediments  within  the  ponds)  in 
order  to  satisfy  acceptable  intake  criteria  for 
direct  contact,  ingestion,  and  inhalation;  speci- 
fically, reduce  the  potential  for  direct  contact, 
inhalation,  and  ingestion  of  exposed  soils  posing 
excess  cancer  risks  above  10-^  to  10-'7. 


i 
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For  groundwater,  the  remedial  objective  is  to  re- 
duce the  levels  of  arsenic  and  cadmium  concentra- 
tions in  the  groundwater  in  the  Pond  1 area  to 
achieve  compliance  with  Montana  groundwater  maxi- 
mum contaminant  levels. 

Table  5-1  shows  the  relationship  between  these  seven  reme- 
dial action  objectives  and  the  eight  problems  identified  in 
Chapter  4. 

The  rationale  for  these  remedial  action  objectives,  for  both 
human  health  and  environmental  protection,  are  described  in 
the  following  sections. 

POND  BOTTOM  SEDIMENTS 

Human  Health  and  Environmental  Protection, 

Because  the  pond  bottom  sediments  are  largely  under  water, 
there  is  no  current  direct  pathway,  for  human  exposure  to 
these  sediments.  However,  it o prevent  future  human  and 
environmental  expostire  to  the  pond  bottom  sediments,  the 
release  of  sediments  must  be  prevented.  Such  releases  could 
come  both  from  floods  and  earthquakes  and  from  scouring 
during  other  high  flow  events. 

If  the  pond  sediments  are  left  in  place  in  their  current  un- 
stabilized form,  Montana’s  dam  safety  rules  require  a mini- 
mum level  of  protection  for  the  ponds. 

SURFACE  WATER 

Human  Health  Protection 

The  remedial  action  objectives  include  reducing  the  poten- 
tial for  ingestion  of  water  containing  copper,  iron,  lead, 
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Table  5-1 

RELATIONSHIP  OF  SITE  PROBLEMS  TO  REMEDIAL  ACTION  OBJECTIVES 

Problems  Objectives 

Pond  Bottom  Sediments 


Pond  integrity--f loods . 

Pond  integrity--earthquakes . 

Surface  Water 

Fishkills 

Metal  loads  in  the  flows  of  Mill, 
Willow,  and  Silver  Bow  Creeks 


Erosion  of  tailings  in  the  IffillH/' 
Willow  Bypass  into  the  Clark  Fork  : 
RiVer 


Transport  of  tailingfef fom  upstream 
reaches  of  Silver  Bow  Credik  to  the 
Clark  Fork  River  during  floods  and 
other  high  flow  events 

Tailings  Deposits  and  Contaminated  Soil 

Human  and  environmental  exposure  to 
surface  contamination 


Groundwater 

Contaminated  groundwater  in  the 
Pond  1 area 


Prevent  the  release  of  the 
pond  sediments  from  design 
floods  and  earthquakes 


Meet  ambient  water  quality 
standards  for  aquatic  life  at 
the  identified  compliance 
point../’ 

Prevent  ingestion  above 
maximum  contaminant  levels 
£ and  established  reference 
\doses:  for  copper,  iron, 
and  cadmium.  Also 
prevent  ingestion  of  water 
containing  arsenic  in  con- 
./  centiations  that  would  cause 
an  excess  cancer  risk  greater 
than  10-^  to  10“^ 

Reduce  the  potential  for 
tailings  in  the  Mill-Willow 
Bypass  to  reach  the  Clark  Fork 
River 

Reduce  the  potential  for 
tailings  in  upstream  areas 
of  Silver  Bow  Creek  to 
reach  the  Clark  Fork  River 


Reduce  the  potential  for 
human  exposure  to  exposed 
tailings  and  other  surface 
contamination  to  satisfy 
acceptable  intake  criteria 


Reduce  the  metals  contamina- 
tion in  the  groundwater  down- 
gradient  of  the  ponds  to  ach- 
ieve compliance  with  maximum 
contaminant  levels 


CVOR 108/061. wp 
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zinc,  and  cadmium  in  excess  of  the  Montana  maximum  contami- 
nant levels,  the  ambient  standards  to  protect  public  health, 
or  established  reference  doses,  and  reducing  the  potential 
for  ingestion  of  water  containing  arsenic  in  concentrations 
that  would  result  in  an  excess  cancer  risk  greater  than  10“^ 
to  10“7. 

Environmental  Protection 


Meeting  the  acute  and  chronic  ambient  water  quality  stan- 
dards established  pursuant  to  the  Montana  Water  Quality  Act 
is  the  remedial  action  objective  for  the  protection  of 
aquatic  organisms.  These  standards  were  established  for  the 
protection  of  all  aquatic  organisms ,/  including  fish,  in- 
sects, and  plants.  . 


The  migration  of  tailings  from  frorh  the  Mill-Willow  Bypass 
and  the  upper  reaches  of  S i lve r\Bpw  Creek  cause  ambient 
water  quality  exceedances,  iricludihg  acute  and  chronic  ex- 
ceedances of  copper,  zinc,  cadmium,  and  lead.  Additionally, 
tailings  migration  results  in  violations  of  both  Montana’s 
nondegradation  standard  and  the  proscription  against  in- 
creases above  naturally:  occurring  concentrations  of  sedi- 
ments that  will  tedder "waters  harmful  to  aquatic  life. 
Therefore,  the  remedial  action  objective  for  these  tailings 
is  to  meet  surface  water  ARARs  directly  after  remedy  imple- 
mentation and  to  minimize  the  redeposit  and  migration  of 
tailings  in  and  through  the  operable  unit,  thereby  preven- 
ting future  exceedances  of  the  standards  and  recreation  of 
the  same  violations  caused  by  onsite  tailings  deposits 
today . 


This  feasibility  study  selected  the  100-year  flood  as  the 
highest  flood  for  which  protection  against  transport  of 
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upstream  tailings  would  be  studied.  This  selection  was  made 
for  purposes  of  the  study  only,  and  does  not  reflect  either 
a regulatory  or  engineering  limit  on  the  level  of  protection 
that  either  could  or  should  be  provided. 

Protection  from  the  damage  caused  by  floods  is  often  de- 
signed on  the  basis  of  a 100-year  flood,  and  it  is  the  100- 
year  flood  level  that  is  used  in  the  National  Flood  Insur- 
ance Protection  program  for  determining  the  insurability  of 
structures.  This  familiar  flood  level  was  chosen  partly  for 
its  common  use  in  other  flood  protection  studies , and  partly 
because  the  flood  modeling  study 14  provides  detailed  calcu- 
lations of  its  hydrograph.  Other  levels^ o f protection  are 
possible,  and  may  be  selected  in  the-:  final  remedy , rather 
than  protection  from  the  100-year  flood.  r 

TAILINGS  DEPOSITS  AND  CONTAMINATED  SOIL^ 

Human  Health  and  Environmental  Protection 

The  tailings  deposits,,  and  contaminated  soils  present  human 
health  hazards  f ohr  b:ot  frih ire ct  contact  and  for  inhalation 
and  ingestion  through  the  air  pathway . The  air  is  not  one 
of  the  contaminate  chimed ia  for  this  feasibility  study,  but  it 
is  a pathway  for  exposure  to  the  tailings  deposits  and  con- 
taminated soils.  Remedial  actions  on  the  tailings  and  soils 
should  be  in  part  directed  at  blocking  this  pathway  and  re- 
ducing the  potential  for  direct  contact.  Additionally,  the 
tailings  deposits  and  contaminated  soils  pose  environmental 
hazards,  as  evidenced  by  the  absence  of  vegetation  in  areas 
around  the  operable  unit. 


14  CH2M  HILL,  1988.  Silver  Bow  Creek  Flood  Modeling  Study.  Prepared  for  the  State  of 
Montana  Department  of  Health  and  Environmental  Sciences,  Helena,  Montana. 
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As  noted  in  Chapter  3,  there  are  no  applicable  or  relevant 
and  appropriate  requirements  for  cleaning  up  the  tailings 
deposits  and  contaminated  soils.  For  the  purpose  of  this 
study,  health-based  target  cleanup  levels  have  been  selected 
for  use  in  developing  remediation  concepts  and  cost 
estimates;  those  levels  are  250  ppm  arsenic  and  750  ppm 
lead.  Actual  target  cleanup  levels  will  have  to  be 
established  in  the  Record  of  Decision. 


GROUNDWATER 


Human  Health  and  Environmental  Protection 


Remedial  actions  must  reduce  the  potential  for  ingestion  of 
water  having  arsenic  and  cadmium  in  excess  of  the  Montana 
groundwater  primary  maximum  contaminated-levels . The 
groundwater  must  be  restored  to  me.e t : the  -p r ima ry  maximum 
contaminant  levels  for  arsenic  and /cadmium. 


GENERAL  RESPONSE  ACTIONS 


Having  identified^:, the  remedial  action  objectives,  the  next 
step  in  developing  media- specific  actions  is  to  identify  the 
general  response  actions  (cleanup  techniques)  that  will  sat- 
isfy the  remedial  action  objectives  for  each  of  the  media  of 
interest. 15  Techniques  such  as  containment,  treatment, 
removal,  and  institutional  controls,  to  name  a few,  repre- 
sent general  response  actions. 


General  response  actions  are  media-specific  and  many  may  be 
available  and  appropriate  to  address  each  of  the  contami- 
nated media  at  a site.  For  example,  contaminated  soil  may 
be  excavated  and  moved  to  a safer  place  (removal),  secured 


15  USEPA,  1988.  4-3  and  4-15. 
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in  place  (containment),  or  treated  in  place  to  render  it 
less  hazardous  (in  situ  treatment).  A combination  of  gen- 
eral response  actions,  or  only  one  general  response  action, 
may  be  used  to  provide  remedial  action  for  one  of  the  con- 
taminated media. 


Table  5-2  identifies  the  general  response  actions  available 
to  achieve  the  seven  remedial  action  objectives  at  Warm 
Springs  Ponds. 


INSTITUTIONAL  CONTROLS 


Institutional  controls,  like  the  engineering  controls  of 
treatment,  containment,  and  removal,  represent  one  type  of 
general  response  action.  Institutional  controls  consist  of 
legal  mechanisms  to  prevent  or  limit,  access  to,  or  use  of, 
contaminated  media,  such  as, g r o uhdw a t e r , surface  water,  or 
soils,  principally  to  minimize  human  exposure  to  the  contami- 
nation. The  discussion  that  follows  is  provided  in  this  fea- 
sibility study  because  the;:-f unc t ion  served  by  institutional 
controls  in  a Remedial  "action  plan  is  unlike  the  function 
served  by  engineering  technologies. ^ 


Institutional  controls  include  both  governmentally  enacted 
restrictions  to  land  use,  such  as  zoning  ordinances,  and 
owner-imposed  restrictions  to  land  use,  such  as  restrictive 
covenants  or  easements.  Such  land  use  restrictions  could 
include  prohibiting  residential,  commercial,  or  certain  rec- 
reational uses  of  property  within  boundaries  of  the  Operable 
Unit  or  restricting  use  of  surface  water  until  the  surface 


^ A comprehensive  presentation  of  the  use  of  institutional  controls  under  CERCLA  is 
contained  in  a legal  memorandum  included  in  the  administrative  record  for  the  Warm  Springs 
Ponds  Operable  Unit. 
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RESPONSE  ACTIONS  FOR  WARM  SPRINGS  PONDS 
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I 


water  satisfies  applicable  or  relevant  and  appropriate 
health  protection  standards  and  requirements.  These  exam- 
ples are  illustrative,  not  exclusive. 

Institutional  controls  are  not  intended  to,  nor  do  they  re- 
sult in,  cleanup  of  hazardous  substances,  pollutants,  and 
contaminants.  They,  therefore,  fail  to  satisfy  Superfund’s 
preference  for  selection  of  "remedial  actions  in  which  treat- 
ment .. .permanently  and  significantly  reduces  the  volume, 
toxicity,  or  mobility  of  the  hazardous  substances,  pollut- 
ants, and  contaminants ..."  I?  Moreover,  while  institu- 
tional controls  assist  in  the  protection  of  human  health  by 
limiting  human  exposure  to  hazardous  substances any  protec- 
tion they  provide  to  the  environment  is  both  incidental  and 
minimal.  Institutional  controls,  therefore , fall  short  of 
Superfund’s  mandate  to  "select  a,, remedial,  action  that  is  pro- 
tective of... the  environment.  . V,;18;;::;except  in  the  most 
exceptional  circumstances , which  do  not  apply  here. 

Consequently,  institutional  controls  generally  should  be 
used  as  an  aspect  offsite  cleanup , if  at  all : 1 ) as  a tempo- 

rary protective  Measure \diiriug  the  implementation  of  a 
permanent  remedy  (e.g. access  restriction  during  excava- 
tion) ; 2)  for  shdirtVterm  protection  as  part  of  a removal 
measure  (e.g.,  prohibiting  human  access  to  a contaminated 
area  for  emergency  protection  following  a spill);  or  3)  to 
enhance  the  effectiveness  of  a remedial  action  selected  as 
the  appropriate  extent  of  remedy  consistent  with  the 
National  Contingency  Planl9  (e.g.,  to  supplement  a remedy 
consisting  of  groundwater  treatment  by  prohibiting  use  of 
the  groundwater  for  drinking  purposes  until  cleanup  is 


17  CERCLA  § 121(b)(1),  42  USC  § 9621(b)(1). 

CERCLA  § 121(b)(1),  42  USC  § 9621(b)(1). 
19  CFR  § 300.68(1) . 
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attained) . Institutional  controls  should  only  rarely  be 
used  as  the  sole  element  of  a permanent  remedy. 20 


The  discussion  that  follows  describes  the  more  general  cate- 
gories of  institutional  controls  available  for  use  at  the 
Warm  Springs  Ponds  Operable  Unit.  MDHES , with  the  concur- 
rence of  USEPA,  has  determined  that  institutional  controls 
may  be  used  at  this  site  to  supplement  and  enhance  the  over- 
all effectiveness  of  remedial  actions  consisting  of  engineer- 
ing controls.  This  discussion  evaluates  institutional  con- 
trols in  terms  of  implementability , short-  and"  long-term 
reliability  or  effectiveness,  and  cost.  Specific  institu- 
tional controls,  if  any,  that  are  suitable  for  use  to  en- 
hance the  appropriate  extent  of  remedy  for  the  Warm  Springs 
Ponds,  will  be  identified  for  the  remedy  selected  after 
public  input  is  received. 


ZONING  ORDINANCES  AS  INSTITUTIONAL  CONTROLS 


Land  use  planning,  generally  * and ^zoning  ordinances,  specifi- 
cally, may  be  used  Jby,  Ideal  governmental  authorities  to  pro- 
mote c omp a t ib  1 e ahd:: :: :app r.opri a t e land  use  and  development, 
efficient  operation  of  ^services  and  utilities , and  health, 
safety , convenience1^  and1" welfare  of  citizens  within  communi- 
ties . Consistent  with  these  purposes,  zoning  regulations 
limiting  access  to  or  use  of  contaminated  media  exemplify 
one  type  of  institutional  control  available  for  use  at  the 
Warm  Springs  Ponds. 


20  Regulations  promulgated  by  USEPA,  in  effect  at  the  time  this  feasibility  study  was 
conducted  (the  National  Contingency  Plan,  or  "NCP"),  make  only  minimal  reference  to  the 
use  of  institutional  controls  at  Superfund  sites.  40  CFR  §§  300.6,  300.65(c)(1), 
and  300 . 68 ( j ) ( 1 ) and  (4)  (1985).  See  also  USEPA’s  proposed  changes  to  the  NCP,  not  yet  in 
effect,  for  a similar  view  as  to  the  restricted  function  served  by  institutional  controls 
in  remedy  selection.  Preamble  to  Proposed  Revisions  to  NCP,  53  Fed.  Reg.  51,423  (1988), 
amending  40  CFR  Part  300. 
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Montana  law  provides  two  methods  by  which  a local  governing 
body  may  regulate  land  use  within  its  jurisdiction.  The 
first  method  entails  adoption  of  a master  plan  and  subse- 
quent adoption  of  zoning  regulations  in  accordance  with  the 
master  plan. 21  The  second  method  entails  landowner 
petition  to  the  board  of  county  commissioners  for  creation 
of  a planning  and  zoning  commission,  establishment  of 
development  districts,  and  subsequent  adoption  of  zoning 
regulations  in  accordance  with  the  districts. 22 


To  adopt  zoning  regulations  under  the  first  tnethod , the 
local  planning  board  first  must  propose  a master  plan,  as 
well  as  boundaries  and  regulations  for  z on ing  d is t r i c t s to 
the  board  of  county  commissioners  of  Anaconda -De^r  Lodge 
County. 23  The  board  of  county  commissioners  possesses  ul- 
timate authority  to  adopt  the  master  plan  and  zoning  regula- 
tions in  accordance  with  the  pi  air*.  Public  notice  and  at 
least  three  distinct  opportunities  for  public  comment  are 
provided  by  statute.  Adoption  of  toning  regulations  can  be 
prevented  by  the  protest-,  of.  40  percent  of  the  landowners 
within  the  proposed::jzoning  district. 


The  second  method,  for  adopting  zoning  regulations  within  the 
Warm  Springs  Ponds  "Operable  Unit  requires  initiation, 
through  petition,  60  percent  of  the  affected  landowners. 

A planning  and  zoning  commission,  established  by  the  board 
of  county  commissioners,  can  adopt  a development  plan  for  a 


2^  This  method  is  set  forth  in  its  entirety  in  MCA  Title  76,  Chapter  1 and  Title  76, 
Chapter  2,  Parts  2 and  3. 

22  This  method  is  set  forth  in  its  entirety  in  MCA  Title  76,  Chapter  2,  Part  1. 

23  The  Warm  Springs  Ponds  Operable  Unit  is  located  in  Deer  Lodge  County,  Montana. 
Pursuant  to  Montana  law,  Deer  Lodge  County  and  the  City  of  Anaconda  have  consolidated 
their  governments  into  one  entity,  Anaconda-Deer  Lodge  County.  This  discussion  assumes 
enactment  and  enforcement  of  zoning  regulations  at  the  consolidated  governmental  level, 
hereinafter  the  "City-County." 
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planning  and  zoning  district  consisting  of  at  least  40  conti- 
guous acres.  The  development  district,  including  zoning  and 
land  use  regulations,  is  implemented  by  the  board  of  county 
commissioners,  by  resolution.  This  approach  includes  a sim- 
plified public  notice  and  hearing  requirement. 

EASEMENTS  AND  COVENANTS  AS  INSTITUTIONAL  CONTROLS 


Easements  and  covenants  constitute  conditions  placed  on  land 
by  the  owners  of  the  land.  Easements  and  covenants  are  the 
primary  methods  available  for  landowners  to  control  land  use 
and,  like  zoning  regulations,  can  be  used  as  institutional 
controls  to  limit  or  otherwise  regulate  access  to  or  use  of 
contaminated  media. 


An  easement  most  commonly  entitles  the\ easement  holder  to 
use  land  of  another  for  a specific  purpose . A covenant  is  a 
promise  or  agreement  between  two  pr'more  parties  to  use  or 
not  to  use  land  in  a particular  way. 


Easements 


Montana  statutes ^definei:  the  purposes  for  which  easements  may 
be  created . 24  Ah,;  easement  may  be  affirmative,  thereby 
authorizing  the  easement  holder  to  take  some  action  on  the 
land  of  another,  such  as  authorizing  a right-of-way  for  a 
specified  purpose.  An  easement  also  can  be  negative, 
whereby  the  owner  of  the  land  to  which  the  easement  applies 
is  precluded  from  conducting  otherwise  lawful  activities. 

An  easement  may  be  perpetual,  for  a specific  period  of  time, 
or  until  a stated  event  or  condition  occurs.  In  Montana, 
any  easement  properly  created  and  recorded  may  be  trans- 
ferred and  enforced  by  subsequent  holders  of  the  easement, 


24 


MCA  §§  70-17-101  and  -102. 
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so  long  as  the  grant  creating  the  easement  did  not  limit  its 
transferability.  This  attribute  of  transferability,  and  the 
concomitant  right  of  enforcement,  are  essential  if  easements 
are  to  possess  any  long-term  effectiveness  as  aspects  of 
remedial  action. 


Covenants 


Covenants,  or  promises  to  do  or  refrain  from  doing  some  ac- 
tion with  respect  to  land  have  much  in  common  with  easements 
Typically,  however,  the  activities  about  which  parties  cove- 
nant are  broader  in  scope  than  the  activities  -covered  by 
easements. 25  por  example,  covenants  commonly'  .include 
promises  to  use  land  only  for  residential  or  single  family 
dwellings  or  promises  to  pay  an  annual-  fee  for  maintenance 
of  common  property,  such  as  lawns , walkways,  or  parks. 


As  with  easements,  to  remain  enforceable , covenants  should 
be  contained  in  a written-grant  and  be  properly  recorded  in 
the  office  of  the  county- clerk  and;  recorder.  If  not  prop- 
erly recorded,  a subsequent  property  transfer  may  vitiate 
the  covenant.  Covenants  may  be  terminated  by  expiration  of 
the  original  teriS^ agreed  jto  by  the  parties ; ownership  of  the 
"burdened"  land  by  the-  same  person  holding  the  "benefited" 
land;  abandonment;  release ; changed  conditions;  and  similar 
events . 


EVALUATION  OF  PUBLIC  AND  PRIVATE  LAND  USE  RESTRICTIONS 

When  specific  institutional  controls  are  identified  to  en- 
hance an  engineering  technology  for  the  site  cleanup,  they 
will  require  specific  evaluation,  just  as  other  technologies 


Natelson,  Montana  Running  Covenants:  Statutory  Itent  and  Modern  Reality  24,  28,  32, 
and  39-40  (unpublished  article,  presented  on  April  7,  1989;  available  from  University  of 
Montana  School  of  Law) . 
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require  evaluation,  on  the  basis  of  their  implement ability , 
effectiveness,  and  cost. 26  The  following  discussion  pre- 
sents some  general  comments  that  can  be  made  about  these 
broad  categories  of  institutional  controls  concerning  their 
implementability , effectiveness,  and  cost. 


Serious  implementability  concerns  exist  with  respect  to  en- 
acting zoning  regulations  as  a supplement  to  remedial  action 
at  the  Warm  Springs  Ponds  Operable  Unit.  Such  regulations 
will  be  enacted  only  at  the  will  of  local  governmental  offi- 
cials in  Anaconda-Deer  Lodge  County.  Support /( and , under 
the  second  method  for  enacting  zoning  regulations,  the  in- 
itiative) of  landowners  within  the  Operable  Unit.,  also  is  nec- 
essary. 


In  contrast,  the  use  of  easements  or  Covenants  as  institu- 
tional controls  presents  fewer  implementability  concerns. 
Land  use  restrictions  may  be  incorporated  in  a deed  to  real 
property  owned  by  a party  liable  under  Superfund  either 
through  negotiation  or.  through  judicial  enforcement  of  reme- 
dial actions  under 


Zoning  regulations , covenants,  and  easements  all  pose  reli- 
ability concerns^  "Even  if  Anaconda-Deer  Lodge  County  en- 
acted zoning  regulations,  their  future  repeal  or  relaxation 
cannot  be  prevented.  Likewise,  local  governmental  enforce- 
ment, now  and  in  the  future,  cannot  be  guaranteed,  as  en- 
forcement involves  policy  and  resource  questions  outside  the 
ambit  of  Superfund.  Complex  legal  requirements  must  be  met 
to  ensure  the  enforceability  of  covenants  and  easements.  As 
with  zoning  regulations,  there  is  no  guarantee  that  the 
holder  of  an  easement  or  a covenant  will  exercise  its  en- 
forcement power  should  this  need  arise  in  the  future. 


^ 40  CFR  § 300.68(g)  (1985).  The  evaluation  for  other  technologies  considered 

in  this  feasibility  study  occurs  in  Chapter  6. 
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The  cost  of  implementing  and  monitoring  an  institutional  con 
trol  will  vary  widely  depending  on  the  control.  The  cost  of 
an  institutional  control  includes  the  cost  of  implementa- 
tion, operation  and  maintenance,  and  reduction  in  property 
value  attributed  to  the  land  use  restriction. 


Notwithstanding  these  real  difficulties  concerning  the  imple 
mentation  and  reliability  of  governmental  or  landowner 
imposed  land  use  restrictions  under  Superfund,  institutional 
controls  may  enhance  the  effectiveness  of  an  engineering  sys 


tern  selected  as  the  appropriate  extent  of  remedy  for  site 
remediation  consistent  with  federal  regulations . Accord- 
ingly, when  a remedy  is  selected  it  will  be  possible  to 
more  specifically  elaborate  on  the  ability  of  specific 
institutional  controls  to  enhance  the  "remedy. 


AREAS  AND  VOLUMES  OF  CONTAMINATED  MEDIA 


Table  5-3  shows  the  total-areas  and  volumes  of  contaminated 
media  to  which  the  general  response  actions  may  be  applied 
for  each  of  the  media,,  ':'%n  quantifying  the  areas  and  volumes 
of  contamination^ho:::which  the-  general  response  actions  may 
be  applied,  this "study  considered  the  chemical  and  physical 
characteristics  of  the.  site,  including  potential  exposure 
routes  and  the  levels  of  protectiveness  specified  in  the 
remedial  action  obj ectives . 27  Actual  areas  and  volumes 
remediated  will  depend  on  the  target  cleanup  levels 
established  in  the  Record  of  Decision,  and  may  be  smaller 
than  the  estimates  of  total  areas  and  volumes  listed  in  Tab- 
le 5-3. 


ch/ CVOR129 / 070 .wp 


27 


USEPA,  1988. 


4-3  and  4-15. 
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Table 

SUMMARY  OF  AREAS  AND 

5-3 

VOLUMES 

OF  MEDIA 

Area 

Volume 

( acres ) 

( acre-feet ) 

(cubic  yards) 

Media  l--Pond  Bottom  Sediments 

Pond  1 

Exposed  Sediments 
Vegetated /Submerged 
Sediments 

59 

225 

455 

1.340 

734,000 

2.156.000 

284 

1,795 

2,890,000 

Pond  2 " 

Exposed  Sediments 
Vegetated/Submerged 
Sediments 

155 

347 

800 
2 ,2:  30 

1.300.000 

3.590.000 

502 

3;,  030 

4,890,000 

Pond  3 

Submerged  Sediments 

665 

6>930:::: 

11,180,000 

Total  Pond  Bottom  Sediments 

l45l(.  ,: 

//  11 » 755 

18,960,000 

Media  2--Surface  Water 

Silver  Bow  Creeka 
Mill  and  Willow  Creeks “ 

Media  3--Tailines  Denosits  and  Contaminated  Soil 

Mill-Willow  Bypass 

Exposed  Tailings: 
Vegetated  Tail ihg d\.and:: 
Contaminated  Soil 

\ ) 21 

::r  33 

47 

80 

75,800 

130.000 

54 

127 

205,800 

Area  Above  Pond: : 3 

Exposed,:  Tailings  | 
Vegetated  Tailings  and 
Contaminated  Soil 

22 

268 

56 

700 

90,300 

1.130.000 

290 

756 

1,220,300 

Area  Below  Pond  1 

Exposed  Tailings 
Vegetated  Tailings  and 
Contaminated  Soil 

17 

59 

48 

246 

77,400 

397.000 

76 

294 

474,400 

Total  Tailings  Deposits  and 
Contaminated  Soil 

420 

1,177 

1,900,500 

Media  4--Groundwaterc 


Area  of  contaminated  aquifer 

beneath  and  downgradient  of 

Pond  1 180 

aFlow  ranges  from  28-112  cfs  (73  cfs  average).  Data  collected  from  March 
1985  to  August  1985. 

“Flow  ranges  from  3-87  cfs  (27  cfs  average) . Data  collected  from  December 
1984  to  August  1985. 

cExceedances  of  primary  maximum  contaminant  levels  for  arsenic  and  cadmium. 
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Chapter  6 

IDENTIFYING  A RANGE  OF  MEDIA- SPECIFIC  ACTIONS 


In  the  previous  chapter,  the  first  three  steps  in  identify- 
ing alternatives  for  the  entire  Warm  Springs  Ponds  Operable 
Unit  were  performed:  1)  identify  remedial  action  objec- 

tives, 2)  identify  general  response  actions,  and  3)  identify 
the  areas  and  volumes  of  contaminated  media  to,  which  the  re- 
sponse actions  may  be  applied.  In  this  chapter,  the  next 
three  steps  in  the  alternatives  identification  process  are 
performed:  4)  identify  and  screen  technologies  and  process 
options  to  implement  remedial  actions,.  5)  select  representa- 
tive process  options,  and  6)  assemble  the  selected  process 
options  into  media-specific  actions.  The  media-specific 
actions  will  be  further  developed  in  Chapter  7 and  assembled 
in  Chapter  8 into  remedial  alternatives:  for  the  entire  oper- 
able unit. 


ALTERNATIVES  IDENTIFICATION  PROCESS 

In  this  section  remedial/technologies  and  process  options 
are  screened,  representative  process  options  are  selected, 
and  media-specific  actions  are  assembled. 

REMEDIAL  TECHNOLOGIES  AND  PROCESS  OPTIONS 

The  building  blocks  for  conducting  site  cleanup  are  the  reme- 
dial technologies  and  process  options.  Remedial  technolo- 
gies are  methods  for  handling  specific  technical  problems, 
and  include  such  methods  as  chemical  treatment,  capping, 
dewatering,  and  excavation.  Remedial  technologies  are  more 
specific  than  the  general  response  actions  (e.g., 
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containment,  treatment,  and  removal)  described  in  Chapter  5. 
In  turn,  process  options  are  more  specific  than  remedial 
technologies  and  describe  various  processes  within  a particu 
lar  remedial  technology;  for  example,  capping  (a  remedial 
technology)  could  be  done  by  using  a native  soil  cap  or  a 
clay  cap  (process  options). 

This  study  identified  an  extensive  list  of  remedial  technolo 
gies  and  process  options  applicable  to  each  general  response 
action.  Table  C-l  in  Appendix  C contains  a list  of  more 
than  200  technologies  and  process  options  usable  at  hazard- 
ous waste  sites.  Additionally,  because  of  the  special  need 
at  the  Warm  Springs  Ponds  Operable  Unit  to  protect  and  stabi 
lize  the  pond  system  against  floods  and  earthquakes, 

Table  C-l  includes  remedial  technologies  and  process  options 
to  address  those  site  objectives^,,. 

The  technologies  and  process  options  were  initially  screened 
to  eliminate  those  that  are  unrelated  to  the  problems  at  the 
site  or  that  are  technically  infeasible  for  use  at  the 
site . 1 For  examp  le^,%.the  : p rocess  options  of  steam  strip- 
ping and  incineratidhsof  i:  contaminated  soil,  listed  in  Ta- 
ble C-l,  are  ndt  appropriate  at  the  Warm  Springs  Ponds 
Operable  Unit  because  those  process  options  are  for  treat- 
ment of  organic  contaminants , and  the  media  of  concern  at 
this  operable  unit  contain  inorganic  (metal)  contaminants. 
Similarly,  although  the  more  than  20  million  cubic  yards  of 
wastes  at  the  operable  unit  could,  in  principle,  be  placed 
in  drums  for  offsite  transport,  that  approach  would  take  so 
long  and  involve  so  many  inherent  dangers  that  it  was 
screened  out  based  on  its  technical  infeasibility.  Many 


^ USEPA,  1988.  Guidance  for  Conducting  Remedial  Investigations  and  Feasibility 
Studies  Under  CERCLA.  (Interim  Final,  October  1988).  4-3  and  4-15  to  4-16. 
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other  technologies  and  process  options  were  screened  out  for 
similar  reasons.  Table  C-l  notes  which  remedial  technolo- 
gies and  process  options  were  screened  out  at  this  prelimi- 
nary stage  and  provides  screening  comments  explaining  their 
elimination.  Table  6-1  lists  the  technologies  and  process 
options  retained  after  the  initial  screening. 

The  feasibility  study  next  included  a second  evaluation  and 
screening  of  process  options  for  each  remedial  technology 
retained  in  the  initial  screening. 2 in  screening  tech- 
nologies and  process  options  at  this  stage  of  the  feasibil- 
ity study,  three  criteria  were  used,  the  most  important  of 
which  is  the  effectiveness  of  the  process  option  at  protect- 
ing public  health  and  welfare  and  the  environment;.  To  a 
less  significant  degree,  the  process  options  were  screened 
on  the  basis  of  their  implement ability  arid  cost. 3 Imple- 
mentability  of  the  process  options  was  evaluated  by  consider- 
ing 1)  their  feasibility  given  the  cha racteristics  of  the 
site  and  wastes,  2)  their  applicability  to  the  site  prob- 
lems, 3)  their  reliability  for  addressing  the  problem,  and 
4)  their  vulnerability  to  administrative  impediments . ^ 

At  this  stage,  the- imp 1 ement ability  evaluation  focused  more 
on  administrative\than  on.  engineering  concerns. 5 Cost 
played  a limited  role  in  "the  screening  of  process  op- 
tions. 6 Table  6-2  provides  screening  comments  describing 


Id.  4-16. 


Id. 


See  40  CFR  300.68(g)(2)  USEPA,  1988.  4-20. 


USEPA,  1988.  4-20. 


Id. 
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why  process  options  were  screened  out  at  this  stage.  The 
table  is  arranged  by  media.  If  all  of  the  process  options 
for  a given  technology  were  screened  out,  the  technology  was 
likewise  screened  out  in  Table  6-2. 

SELECTING  REPRESENTATIVE  PROCESS  OPTIONS 

Once  the  process  options  were  screened  on  the  basis  of  effec 
tiveness,  implementability , and  cost,  one  or  more  process 
options  were  chosen  to  be  representative  of  all  the  remain- 
ing process  options  for  each  remaining  technology.  The  proc 
ess  options  selected  for  each  technology  are  intended  to  be 
representative  of  the  range  of  remaining  process  .options  for 
that  technology.  If  two  or  more  process  options\dif f er  sig- 
nificantly in  their  performance  or  effect  such  that  one 
would  not  adequately  represent  the  other  more  than  one  proc 
ess  option  for  a remedial  technology  was  retained.?  The 
use  of  a representative  process  optiori>  where  feasible,  sim- 
plifies the  number  of  alternatives  developed  and  evaluated 
in  Chapters  7 and  8.  This  streamlining  ensures  that  the 
most  promising  alternatives  will  be  considered  fully  without 
wasting  resources  orr  details  unnecessary  at  this  stage  of 
the  alternatives  analysis;.®  Selection  of  a process 
option  at  this  stage, does  not  preclude  use  of  a different 
option  later,  such  %s  during  remedial  design.  Table  6-3 
shows  which  process  options  were  selected  to  be  representa- 
tive of  the  remaining  process  options  within  each  technol- 
ogy. 9 The  last  section  of  this  chapter  provides  further 


7 USEPA,  1988.  4-16. 

8 Id. 

^ Note:  The  USEPA  RI/FS  Guidance  (1988)  document  does  not  specify  criteria  for 

selecting  representative  process  options.  The  selection  was  made  on  the  basis  of 
engineering  judgement  of  which  process  option  would  most  likely  be  selected  at  the  design 
stage  of  the  remedial  process.  (see  Id.) 
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TABLE  6-1 

SUMMARY  OF  APPLICABLE  REMEDIAL  TECHNOLOGIES  AND 
PROCESS  OPTIONS  FOR  TREATING  SPECIFIC  MEDIA 


GENERAL  RESPONSE 

ACTIONS  REMEDIAL  TECHNOLOGY  PROCESS  OPTION  DESCRIPTION  MEDIA 


No  action 

No  trespassing  and  other  restrictions  to  limit 
access  and  use.  May  enhance  other  general 
response  actions. 

Deed  restrictions  issued  for  property  witnin 
potentially  contaminated  areas  to  restrict 
property  use.  May  enhance  other  general  response 
actions. 

Regulations  promulgated  to  prohibit  aquifer  use  or 
require  a permit  for  drilling  into  aquirers.  May  enhance 
other  general  response  actions. 

An  orea  is  flooded  with  shallow  water  to  discourage 
trespassing.  (Similar  to  constructing  o wetland) 


Security  fences  installed  around  potentially 
contaminated  areas  to  limit  access. 


Uncontaminated  native  soil  placed  over 
contaminated  areas.  Soil  should  minimize 
infiltration  of  precipitation. 

Compacted  cloy  placed  over  contaminated  areas. 
Clay  should  be  covered  by  a layer  of  silty 
sand  or  sandy  soil  to  maintain  the  integrity  of 
the  clay  cop. 

Cover  materials  ond  seal  techniques  implemented  to 
stabilize  waste  deposits  and  to  prevent  surface 
water  infiltration,  control  erosion,  ond  isolate 
and  contain  the  wastes.  Similar  to  capping. 
Reshaping  of  topography  to  manage  surface  woter, 
infiltration  ond  runoff  to  control  erosion. 

Chemical  stabilizers  sprayed  on  bore  soils  or 
mulches  to  coat,  penetrate,  and  bind  together  the 
particles.  Chemical  stabilizers  include  latex 
emulsions,  plastic  films,  oil-in-water  emulsions, 
and  resin-in-water  emulsions. 

A systematic  revegetation  plan  includes  selection 
of  o suitable  plant  species,  seedbed  preparation, 
seeding/planting.  mulching  and/or  cnerr.ical 
stabilization,  fertilization,  and  maintenance. 

Diversion  and  collection  structures  installed 
upslope  or  at  perimeter  of  the  site  to  control 
drainage  of  stormwater  runoff.  System  can  also  be 
implemented  to  collect  contaminated  surface  water 
for  remediation. 

A permeable  cap  is  installed  without  dewatering 
when  goal  is  to  prevent  the  spread  of  contaminated 
sediments.  An  impervious  cap  is  installed  after 
dewatering  so  remediation  can  be  done  in  a 
controlled  environment. 

An  impoundment  is  constructed  to  establish  o low  flow 
rate  area  in  either  o stream  or  a runoff  flow.  The 
decreased  flow  rote  allows  entrained  solids  to  settle  out 


Pond  bottom  sediments 
Tailings  deposits  ond  contaminated  soil 
Contaminated  groundwater 
Contaminated  surface  water 

Toilings  deposits  and  contaminated  soil 
Contaminated  surface  water 


Pond  bottom  sediments 
Tailings  deposits  and  contaminated  soil 
| Contaminated  groundwoter 

Contaminated  surface  water 


Toilings  deposits  ond  contaminated  soil 

Pond  bottom  sediments 

Tailings  deposits  ond  contaminated  soil 

Contaminated  surface  water 


Toilings  deposits  ond  contaminated  soil 


Toilings  deposits  ond  contaminated  soil 


Contaminated  surface  water 


Contaminated  surface 


water 


Water  sproyed  over  areo  to  prevent  dust  generation,  or 
flooding  of  an  orea  to  prevent  dust  generation 

Organic  agents/polymers/foams  sprayed  over  orea 
of  concern  to  prevent  dust  generation 


Toilings  deposits  and  contaminated  soil 
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GENERAL  RESPONSE 
ACTIONS 


TABLE  6-1  (continued) 

SUMMARY  OF  APPLICABLE  REMEDIAL  TECHNOLOGIES  AND 
PROCESS  OPTIONS  FOR  TREATING  SPECIFIC  MEDIA 


REMEDIAL  TECHNOLOGY 


PROCESS  OPTION 


DESCRIPTION 


MEDIA 


Berm's  height  increased  to  a level  above  the 
selected  design  flood. 

Berm  surfaces  covered  with  a protective  layer  of 
nonerodable  material  such  as  riprap  or  soil  cement. 

Low  points,  usually  concrete  surfaced,  a.'e  constructed 
in  a oerm  or  dam  to  allow  overflow  of  water  without 
damage  to  the  berm. 


Pond  bottom  sediments 


Berm  slope  is  modified  to  increase  the  stability  of  the 
berm  against  earthquakes. 


Weight  added  to  berm  along  lower  edge  to  increase  the 
stability  of  the  berm  against  earthquakes. 


Pozzolanic  agents  (such  as  fly  ash,  kiln  dust,  cement, 
or  lime)  added  to  contaminated  soil.  The  resultant 
solidified  soil  is  less  susceptible  to  erosion  or  other 
migration. 

Same  as  Soil  Cement/Pozzolanic,  except  that  synthetic 
solidification  agents  are  used. 


Liquid  contents  of  a pond  are  removed  cither  by  pumping  

or  draining  by  gravity  flow.  The  sediments  are  dewatered 
•by  natural  drying,  freeze/thaw  cycling,  and/or  other  means. 


Pond  bottom  sediments 


Pond  bottom  sediments 

Tailings  deposits  and  contaminated  soil 


Pond  bottom  sediments 


Excavation  of  contaminated  solids  can  use  ordinary 
construction  equipment  (backhoes,  bulldozers,  ana 
front-end  loaders). 

Excavation  of  contaminated  semisolids  requires 
working  on  mats  or  floating  equipment.  A toothless 
bucket  is  recommended  over  draglines  or 
clamshells.  Transportation  and  disposal  methods 
must  consider  the  water  associated  with  the  semi- 
solids. Some  semisolids  can  be  slurried  end  pumped. 
Excavation  of  contaminated  sediments  requires 
floating  equipment  or  operaton  of  equipment  on  the 
bank.  Hydraulic  dredges,  barge-mounted  pumps, 
vacuum  trucks,  and  pneumatic  dredges  are  used  for 
excavation.  Generally,  bulk  liquid  removal  will 
also  be  required. 

Used  to  remove  large  amounts  of  liquid.  Liquid 
must  be  free  of  debris. 

Used  to  remove  liquids  from  tanks  or  ponds.  Not 
recommended  for  flammable,  reactive,  or  shock- 
sensitive  materials. 

Used  to  remove  large  quantities  of  liquid  or 
sludge.  A system  of  pipelines  and  containment 
systems  is  required. 


Contaminated  surface  water 

Tailings  deposits  and  contaminated  soil 


L>  Pond  bottom  sediments 

Contaminated  surface  water 


Contaminated  groundwater 

Contaminated  surface  water 

Contaminated  surface  water 


Pond  bottom  sediments 
Contaminated  surface  water 


Wells  are  installed  to  collect  contaminated 
groundwater  and  leachate. 

Underground  gravel-filled  trenches  generally 
equipped  with  tile  or  perforated  pipe  installed  to 
collect  contaminated  groundwater  and  leachate. 

Reduction  agents  added  to  wastes  to  stabilize 
metals  by  converting  them  to  a less  soluble,  more 
stable  form. 

Contaminated  solids  are  treated  with  appropriate 
reagents  under  suitable  conditions  to  convert  the 
contaminants  into  less  toxic  forms. 


Contaminated  groundwater 


> 


Tailings  deposits  and  contaminated  soil 


Water  infiltrates  contaminated  solid,  leaching  out 
water-soluble  contamination.  S 
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TABLE  6-1  (continued) 

SUMMARY  OF  APPLICABLE  REMEDIAL  TECHNOLOGIES  AND 
PROCESS  OPTIONS  FOR  TREATING  SPECIFIC  MEDIA 


REMEDIAL  TECHNOLOGY 


PROCESS  OPTION 


DESCRIPTION 


MEDIA 


An  inert,  nondegrodoble,  nonreoctive  sorbent  added 
to  liquid  or  sludge  to  sook  up  moisture  aid 
produce  a soil-like  material. 

Lime  and  fine-grained  siliceous  material  added  to 
aqueous  waste  to  produce  o concrete-like  solid. 


Some  hydroxide  sludges  that  are  difficult  to 
dewater  are  more  easily  dewatered  if  frozen 
and  then  thawed  one  or  more  times. 

Sludge  placed  on  sand  layered  over  grave  . Water 
in  the  sludge  evaporates  and  drains. 


Equalization  basin  regulates  flow  through  a 
treatment  facility.  Mechanical  mixing  equalises 
concentration. 

Suspended  solids  removed  from  liquid  by  gravity  in 
o tank  or  lagoon.  Sedimentation  often  preceded  by 
chemical  precipitation  and/or  by  coagulation  and 
flocculation. 

Chemical  equilibria  of  waste  altered  to  reduce  the 
solubility  of  heavy  metals  through  the  addition 
of  a substance  tnat  reacts  with  the  metals  or 
changes  the  pH  or  through  a change  in  temperature. 

Metals-contaminated  water  is  treated  by  biological 
and  chemical/physical  processes  in  o wetland. 

Metals-contaminated  water  is  treoted  by  biological 
and  chemical/physical  processes  in  a pond. 


Reduction  agents  added  to  wastes  for  reduction  of 
hexavalent  chromium,  mercury,  dissolved  lead,  and 
silver  to  less  soluble,  more  stable  forms. 

Substances  opplied  or  injected  into  o contaminated 
site  to  adjust  (he  pH  of  the  waste.  Innovative  process 
option  for  contaminated  soils  or  buried  wastes. 

Lime  and  fine-grained  siliceous  materiol  added  to 
aqueous  waste  to  produce  a concrete-like  solid. 


Aqueous  streams  are  discharged  to  surface 
receiving  streams. 

Solid  hazardous  wastes  are  permanently  oisposed  of 
in  a RCRA-permitted  landfill.  RCRA  lanafills 
cannot  accept  liquid  hazardous  waste. 

Solid  nonhozardous  wastes  are  permanently  disposed 
of  in  a non-RCRA  landfill.  Landfills  conno 
accept  liquid  wastes. 

Surface  impoundments  are  used  to  store  .dispose,  or 
treat  liquid  and  sludge-type  woste.  Also  known  as  ponds, 
lagoons,  liquid  trenches,  evaporation  ponds,  treatment 
ponds,  aeration  pits,  ond  stabilization  bosins. 

Short-and/or  long-term  monitoring  is  implemented 
to  record  site  conditions  and  contamination  levels. 


Pond  bottom  sediments 


}Pond  bottom  sediments 

Tailings  deposits  and  contaminated  soil 


Contaminated  surface  water 


Contaminated  groundwater 
Contaminated  surface  water 


Contaminated  groundwater 
Contaminated  surface  water 


Contaminated  groundwater 
Contaminated  surface  water 


Pond  bottom  sediments 
Tailings  deposits  and  contaminated  soil 
Contaminated  groundwater 
Contaminated  surface  water 

Pond  bottom  sediments 

Tailings  deposits  and  contaminated  soil 


Pond  bottom  sediments 


Contaminated  groundwater 
Contaminated  surface  water 


Tailings  deposits  and  contaminated  soil 
Pond  bottom  sediments 
Contaminated  surface  woter 


Pond  bottom  sediments 
Tailings  deposits  ond  contaminated  soil 
Contaminated  groundwater 
Contaminated  surface  woter 
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TABLE  6-2 

REMEDIAL  TECHNOLOGY  AND  PROCESS  OPTION  SCREENING 
FOR  EFFECTIVENESS,  IMPLEMENT ABILITY  AND  COST 

POND  BOTTOM  SEDIMENTS 

GENERAL  RESPONSE 

ACTIONS  REMEDIAL  TECHNOLOGY  PROCESS  OPTION  SCREENING  COMMENTS 


No  Action 


None 


None 


Required  by  NCP  for  development  into  remedial  alternative.  Would  not  meet  remedial  objectives. 


M////////////  / / si 
^/Institutional  Controls^}— 
1-/.J  a//////////  / / si 


[////////// v~r/  /77 /// /i 

— rOAccess  and  Use  Restrictions'^)— 


y/^/////////z4m 


Implementobility  depends  on  legal  requirements.  Not  effective  for  this  medium. 


Implementability  depends  on  legal  requirements.  Not  effective  for  this  medium. 


7 y v~r  / /~/7  /-/  x /77777I 

Vaaaa  44k°is///A- 


Implementable  but  not  effective  for  this  medium. 


Ineffective  for  remedial  objective  of  stabilizing  against  floods  and  earthquakes.  Retained  under 
"Tailings  Deposits  and  Contaminated  Soil's"  for  capping  Pond  1 and  other  areas. 

Ineffective  for  remedial  objective  of  stabilizing  against  floods  ond  earthquakes.  Retained  under 
"Tailings  Deposits  and  Contaminated  Soils”  for  copping  Pond  1 and  other  oreos. 

Not  implementable  for  this  medium. 

Ineffective  in  accomplishing  remedial  objectives. 

Implementable  and  effective. 

Implementable  and  effective. 

Ineffective  in  accomplishing  remedial  objectives.  Pond  contents  would  wash  out  over  the  spillway  during  a flood. 
Implementable  and  effective. 

Implementable  and  effective. 

Potentially  effective.  Difficult  to  implement.  Higher  cost  than  in  situ  stabilization. 

Potentially  effective.  Difficult  to  implement.  High  cost  compared  to  pozzolanic  process  option. 

Effective  and  implementable.  Low  cost.  Useful  as  part  of  in  situ  treatment  action. 


Technology  or  process  option  screened  out. 
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GENERAL  RESPONSE 
ACTIONS 


TABLE  6-2  (continued) 

REMEDIAL  TECHNOLOGY  AND  PROCESS  OPTION  SCREENING 
FOR  EFFECTIVENESS,  IMPLEMENT ABILITY  AND  COST 

POND  BOTTOM  SEDIMENTS 


REMEDIAL  TECHNOLOGY 


PROCESS  OPTION 


SCREENING  COMMENTS 


Potentially  effective.  Very  difficult  and  slow  to  implement.  Requires  alternative  disposal  site.  Very  high  cost. 
Potentially  effective.  Very  difficult  and  slow  to  implement.  Requires  alternative  disposal  site.  Very  high  cost. 
Effective,  implementoble,  but  higher  cost  than  gravity  siphons.  Moy  be  needed  for  some  actions. 

Potentially  effective,  difficult  to  implement.  Higher  cost  than  gravity  siphons. 

Effective,  implementable,  and  low  cost.  Useful  os  port  of  remedial  action. 

Not  effective  in  meeting  remedial  objectives.  Would  not  stabilize  sediments  against  floods  or  earthquakes. 

Would  increase  waste  volume. 

Potentially  effective,  difficult  to  implement  Higher  cost  than  in  situ  treatment. 

Questionable  effectiveness.  Seasonal  implementability.  Slow.  Low  cost. 

Ineffective.  Would  take  several  decades.  Implementation  requires  excessive  time. 

Not  implementoble.  Concentrations  in  soils  too  low  for  effective  recovery.  Recovery  operation  may  present  greater 
hazards  than  the  soils  do  now.  High  cost. 

Difficult  to  implement,  requires  handling  hezordous  materials.  Questionable  long-term  effectiveness.. 

Potentially  effective.  Very  difficult  implementation.  Very  high  cost. 


AyAZZ////////////Ar 


V////////ZA 
ZZ//ZAA 


/////'/  /7T777'///// 
Surface  Impoundments*1/^//^ 


Difficult  to  implement.  Volume  too  large.  RCRA  landfill  not  ovailoble  nearby. 


Difficult  to  implement.  Requires  developing  o disposal  site 


Difficult  to  implement.  Wastes  are  already  in  surface  impoundments. 


VAZZZA/////A 


Difficult  to  implement.  Questionable  effectiveness.  Not  clear  what  the  sediments  would  be  monitored  for. 


Technology  or  process  option  screened  out. 
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TABLE  6-2  (continued) 

REMEDIAL  TECHNOLOGY  AND  PROCESS  OPTION  SCREENING 
FOR  EFFECTIVENESS,  IMPLEMENT ABILITY  AND  COST 

CONTAMINATED  SURFACE  WATER 


GENERAL  RESPONSE 
ACTIONS  REMEDIAL  TECHNOLOGY  PROCESS  OPTION 


| No  Action  | | None  | |~~None 


SCREENING  COMMENTS 


Required  by  NCP  for  development  into  remedial  alternative.  Would  not  meet  remedial  objectives. 


Implementability  depends  on  legol  requirements.  Potentially  effective  to  limit  human  exposure,  but  not 
protective  of  the  environment. 


Implementability  depends  on  legol  requirements.  Potentially  effective  to  limit  human  exposure,  but  not 
protective  of  the  environment. 


Implementability  depends  on  legal  requirements. 


Implementable  but  questionable  effectiveness  for  intended  purpose.  High  cost  compared  to  institutional  controls. 


Effective  and  implementable.  Moderate  cost.  Useful  as  port  of  o medio-specific-oction. 


Potentially  effective  for  removing  contaminated  surface  water.  Reodily  implementable.  Relatively  costly. 


Useful  as  part  of  o remediol  action. 


Not  effective  or  implementable  for  this  medium. 


Difficult  to  implement.  Requires  development  of  new  impoundment  to  handle  high  flows. 


Potentially  effective,  reodily  implemented  if  new  impoundment  is  built.  Port  of  current  treatment  process 


Implementable  and  potentially  effective.  Part  of  current  treatment  process. 


Potentially  effective  but  implementability  uncertain.  Requires  large  area. 


Implementable  and  potentially  effective.  Part  of  current  treatment  process. 


Not  implementable.  Concentrations  in  surface  woter  too  low  for  resource  recovery  to  be  feasible. 


Potentially  effective  ond  implementable.  Low  cost.  Depends  on  contamination  levels  of  discharge.  Part  of  current 
treatment  process. 

(Disposal  of  sediments  causing  contamination) 

Potentially  effective.  Readily  implementoble.  Regulatory  matters  determine  use  of  RCRA  vs  non-RCRA  landfill . Would  be 
used  for  disposal  of  sources  of  surface  woter  contaminants. 

(Disposal  of  sediments  causing  contamination) 

Not  os  protective  (effective)  as  RCRA  landfill.  Would  require  development  of  o new  disposal  site.  Regulatory  matters 
determine  use  of  RCRA  vs  non-RCRA  landfill. 


(Disposal  of  sediments  causing  contamination)  -» 

Effective  and  implementoble  Low  cost.  Pond  system  already  contains  19  million  yd  of  similor  materiols.  Regulatory 
motters  determine  acceptability. 

Effective  ond  implementoble  Moderate  cost.  Required  as  port  of  remedial  action. 
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Technology  or  process  option  screened  out 


TABLE  6-2  (continued) 

REMEDIAL  TECHNOLOGY  AND  PROCESS  OPTION  SCREENING 
FOR  EFFECTIVENESS,  IMPLEMENT ABILITY  AND  COST 

TAILINGS  DEPOSITS  AND  CONTAMINATED  SOIL 


GENERAL  RESPONSE 

ACTIONS  REMEDIAL  TECHNOLOGY  PROCESS  OPTION 


SCREENING  COMMENTS 

Required  by  NCP  for  development  into  remedial  alternative.  Would  not  meet  remedial  objectives. 

Implementobility  depends  on  legal  requirements.  Not  effective  for  most  exposure  scenorios  and  not  protective 
for  environment.  Could  be  used  to  restrict  development  within  operoble  unit,  ond  enhance  other  general 
response  actions. 

Implementobility  depends  on  legal  requirements.  Not  effective  for  most  exposure  scenarios  and  not  protective 
for  environment.  Could  be  used  to  restrict  development  within  operoble  unit,  ond  enhance  other  general 
response  actions. 

Implementobility  depends  on  legal  requirements.  Potentially  effective  for  reducing  human  exposure  for  some  scenarios 
but  not  protective  for  environment.  Could  be  used  to  enhance  other  general  response  actions. 

Potentially  effective  for  some  areas  of  the  site.  Implementable. 

Implementable.  Potentially  effective  for  reducing  exposure  for  some  scenorios.  High  cost  due  to  large  areas. 
Implementable  and  effective  for  some  oreas  of  site.  Moderate  cost. 

Implementable  and  effective.  Higher  cost  than  native  soil  cop  due  to  availability  of  clay. 

See  "capping” 

Implementable.  but  questionable  effectiveness  at  achieving  remediol  objectives  if  used  alone,  Useful  as  o part  of 
some  octions. 

Implementable  and  potentially  effective.  Temporary.  Could  be  used  instead  of  copping.  In  some  areas  of  the  site,  might 
be  damaged  by  floods. 

Potentially  effective  and  implementable.  Could  be  used  instead  of  copping. 

Potentoilly  effective  for  some  areas  of  the  site.  Readily  implemented.  Low  cost. 

Potentially  effective,  difficult  to  implement.  Higher  cost  than  water  spray  dust  suppression 

Potentially  effective  but  difficult  to  implement.  Could  be  used  instead  of  capping.  Higher  cost.  Loss  of  habitat. 
Potentially  effective  but  difficult  to  implement.  High  cost  compared  to  pozzolanic. 


| Removal 


Excavation 


Solids 


Implementable  ond  effective.  Addresses  fish  kill  problem  and  removal  of  tailings  deposits  ond  contaminated  soils. 
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Technology  or  process  option  screened  out 


TABLE  6-2  (continued) 

REMEDIAL  TECHNOLOGY  AND  PROCESS  OPTION  SCREENING 
FOR  EFFECTIVENESS,  IMPLEMENT ABILITY  AND  COST 

TAILINGS  DEPOSITS  AND  CONTAMINATED  SOIL 


GENERAL  RESPONSE 

ACTIONS  REMEDIAL  TECHNOLOGY  PROCESS  OPTION  SCREENING  COMMENTS 


In  Situ  Treotment  | | Solids  Treotment  [ | Neutrolizotion 


Questionable  effectiveness.  Difficult  implementation.  Requires  handling  hazardous  materials.  High  cost. 

None  identified  that  would  be  implementable  and  effective. 

Poor  effectiveness,  difficult  implementability.  Metals  not  sufficiently  soluble  in  water.  Slow  process. 

Natural  freeze/thaw  cycle  may  aid  drying  in  drying  beds. 

Implementoble.  May  be  required  for  some  wastes  prior  to  land  disposal. 

Not  implementable.  Concentrations  in  soils  too  low  for  effective  recovery.  Recovery  operation  may  present  greater 
hazards  than  the  soils  do  now.  High  cost. 

Potentially  useful  as  part  of  capping  action.  Reduces  mobility  of  metal  contaminants. 


Disposal 


Landfill 


RCRA  Landfill 


Non-RCRA  Landfill 


Surface  Impoundments 


Potentially  effective.  Readily  implementable  High  cost.  Regulatory  matters  determine  use  of  RCRA  vs 
non-RCRA  landfill. 


Not  as  protective  (effective)  as  RCRA  landfill.  Readily  implementable.  less  costly.  Regulatory  matters 
determine  use  of  RCRA  vs  non-RCRA  landfill. 


Potentially  effective  and  implementable.  Low  cost.  May  not  be  acceptable  without  treatment  of  wastes. 


Monitoring 


Monitoring 


Monitoring 


Potentially  valuable  for  some  general  response  actions.  Required  as  part  of  remedial  action. 


W////////////A 


Technology  or  process  option  screened  out. 
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TABLE  6-2  (continued) 

REMEDIAL  TECHNOLOGY  AND  PROCESS  OPTION  SCREENING 
FOR  EFFECTIVENESS,  IMPLEMENT ABILITY  AND  COST 

CONTAMINATED  GROUNDWATER 


GENERAL  RESPONSE 

ACTIONS  REMEDIAL  TECHNOLOGY  PROCESS  OPTION 


No  Action  | [None 


iiy///////7A 


/ / / /-/-//  / / /~r / / '////// A 
^hemiooljreojment^^^ 


— | Biologicol  Treatment 


Wetland  Treatment 


Pond  Treatment  (metals) 


, / / / 77-7-r/ /// /''///777\ 

.Che  mi  col  ReducUon///////^ 


Disposal 


Wastewater  Discharge 


Surface  Woters 


Monitoring 


Monitoring 


Monitoring 


SCREENING  COMMENTS 

Required  by  NCP  for  development  into  remedial  olternotive.  Would  not  meet  remedial  objectives. 
Implementable  and  effective  for  restricting  human  exposure,  but  not  for  protecting  the  environment. 
Implementoble  and  effective  for  restricting  human  exposure,  but  not  for  protecting  the  environment. 

Effective  for  removing  contaminated  groundwater  and  transporting  it  for  treatment. 

Implementoble  but  less  effective  and  more  costly  than  trench  droins.  Would  require  numerous  wells. 

Effective  for  removing  contaminated  groundwater.  Readily  implementable. 

Not  required.  Groundwater  not  expected  to  hove  suspended  solids  requiring  removal. 

Not  effective  as  a pure  chemical  treatment  process:  contaminants  difficult  to  remove  at  low  concentrations. 
Potentially  effective.  Implementability  difficult.  Requires  large  area.  Innovative  process  option. 

Implementable.  and  potentially  effective.  Requires  pump  stations  and  piping  system. 

Not  implementable.  Concentrations  in  groundwoter  too  low  for  resource  recovery  to  be  feasible. 

Potentially  effective  and  implementable.  Low  cost. 

Effective  and  implementable.  Moderate  cost.  Required  as  port  of  remedial  action. 


V//////////////A 


Technology  or  process  option  screened  out. 
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TABLE  6-3 

PROCESS  OPTIONS  RETAINED  FOR  CONSIDERATION 
IN  THE  DEVELOPMENT  OF  MEDIA-SPECIFIC  ACTIONS 


FOR  POND  BOTTOM  SEDIMENTS 


GENERAL  RESPONSE 

ACTIONS  REMEDIAL  TECHNOLOGY  PROCESS  OPTION  DESCRIPTION 


| No  Action  | ■■  j None  | - [ None 


No  oction. 


Berm  height  increosed  to  o level  above  the 
selected  design  flood. 

Berm  surfaces  covered  with  a protective  layer  of 
nonerodoble  moteriol  such  os  riprap  or  soil  cement. 


Berm  slope  is  modified  to  increose  the  stability  of  the 
berm  against  earthquakes 


Weight  added  to  berm  along  lower  edge  to  increose  the 
stability  of  the  berm  against  earthquakes. 


Liquid  contents  of  a pond  are  removed  either  by  pumping 
or  draining  by  grovity  flow.  The  sediments  are  dewatered 
by  natural  drying,  freeze/thaw  cycling,  and/or  other  means. 


| Removal 


- 


Bulk  Liquid  Removal 


In  Situ  Treatment 


Solids  Treatment 


Pumps 


Gravity/Siphon 


■j  Soil  Cement/Pozzolonic 


J 


Used  to  remove  large  amounts  of  liquid.  Liquid  must  be  free 
of  debris. 


Used  to  remove  liquids  from  tonks  or  ponds.  Not  recommended 
for  flammable,  reactive,  or  shock-sensitive  materials. 

Pozzolanic  agents  (such  as  fly  ash.  kiln  dust,  cement, 
or  lime)  added  to  contominoted  soil.  The  resultont 
solidified  soil  is  less  susceptible  to  erosion  or  other 
migration 


* Selected  for  use  in  assembling  media-specific  actions. 
Other  process  options  may  later  be  determined  to  be 
more  appropriate  for  use  during  design  or  implementation 
of  the  remedy. 
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(continued) 


TABLE  6-3 

PROCESS  OPTIONS  RETAINED  FOR  CONSIDERATION 
IN  THE  DEVELOPMENT  OF  MEDIA-SPECIFIC  ACTIONS 

FOR  GROUNDWATER 


GENERAL  RESPONSE 

ACTIONS  REMEDIAL  TECHNOLOGY  PROCESS  OPTION  DESCRIPTION 


~*j  No 


Institutionol  Controls 


Disposol 


Monitoring 


Access  and  Use  Restrictions 


Groundwoter  Collection 


Biological  Treatment 


Wastewater  Discharge 


Monitoring 


-d 


Deed  Restrictions 


~|  Bulk  Liquid  Removal  |— 


—j  Pumps 


Trench  Drains 


Wetland  Treatment 


Pond  Treatment  (metols) 
| Surface  Woters 


~~|  Monitoring 


No  oction. 

Deed  restrictions  issued  for  property  within 
potentially  contaminated  areos  to  restrict 
property  use.  May  enhance  other  general 
response  actions. 

Regulations  promulgated  to  prohibit  aquifer  use  or 
require  a permit  for  drilling  into  aquifers  May 
enhance  other  general  response  actions. 

Used  to  remove  large  amounts  of  liquid.  Liquid 
must  be  free  of  debris. 


Wells  are  installed  to  collect  contaminated 
groundwoter  and  leachate. 

Underground  grovel-filled  trenches  generally 
equipped  with  tile  or  perforated  pipe  installed  to 
collect  contaminated  groundwater  and  leachate 


Metals--contominated  water  is  treoted  by  biological 
and  chemical/physical  processes  in  o wetland. 

Metols--contaminoted  water  is  treated  by  biological 
and  chemical/physical  processes  in  a pond. 


Aqueous  streams  are  discharged  to  surface 
receiving  streams. 


Short-ond/or  long-term  monitoring  is  implemented 
to  record  site  conditions  and  contamination  levels 


* Selected  for  use  in  assembling  media-specific  actions 
Other  process  options  may  later  be  determined  to  be 
more  appropriate  for  use  during  design  or  implementation 
of  the  remedy. 
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TABLE  6-3  (continued) 

PROCESS  OPTIONS  RETAINED  FOR  CONSIDERATION 
IN  THE  DEVELOPMENT  OF  MEDIA-SPECIFIC  ACTIONS 


GENERAL  RESPONSE 
ACTIONS 

No  Action 


FOR  TAILINGS  DEPOSITS  AND  CONTAMINATED  SOILS 


REMEDIAL  TECHNOLOGY 

PROCESS  OPTION 

DESCRIPTION 

J 

No  action. 

Institutional  Controls 


Access  ond  Use  Restrictions 


Deed  Restrictions 


Permits 


Regulations  and  Legal  Barriers 


Deed  restrictions  issued  for  property  within  potentially 
contaminated  areas  to  restrict  property  use  May 
enhance  other  general  response  actions. 

Regulations  promulgated  to  prohibit  aquifer  use  or 
require  a permit  for  drilling  into  oquifers.  May  enhance 
other  general  response  actions. 

No  trespassing  or  other  restrictions  to  limit  access 
and  use.  May  enhance  other  general  response  actions. 


Access  Controls 


Access  Controls 


a 


Flooding 


Monitoring 


— [ Monitoring 


~|  Moni 


An  area  is  flooded  with  shallow  water  to  discouroge 
trespassing. 

Security  fences  installed  around  potentially 
contaminated  areos  to  limit  access. 


Uncontominoted  native  soil  placed  over 
contaminated  areos.  Soil  should  minimize 
infiltration  of  precipitation. 

Compacted  clay  placed  over  contaminated  areas. 
Cloy  should  be  covered  by  o layer  of  silty 
sand  or  sandy  soil  to  maintain  the  integrity  of 
the  clay  cap. 

Cover  materials  ond  seal  techniques  implemented  to 
stabilize  waste  deposits  ond  to  prevent  surface 
water  infiltration,  control  erosion,  and  isolate 
ond  contain  the  wastes.  Similar  to  copping 
Reshaping  of  topography  to  manage  surface  water, 
infiltration  and  runoff  to  control  erosion. 

Chemicol  stabilizers  sprayed  on  bare  soils  or 
mulches  to  coat,  penetrate,  and  bind  together  the 
particles.  Chemical  stobilizers  include  late* 
emulsions,  plastic  films,  oil-in-woter  emulsions, 
ond  resin-in-water  emulsions. 

A systematic  revegetation  plan  includes  selection 
of  a suitable  plant  species,  seedbed  preparation, 
seeding/ploniing,  mulching  and/or  chemicol 
stabilization,  fertilization,  ond  maintenance. 

Water  sproyed  over  area  of  concern  to  prevent  dust 
generation,  or  flooding  of  an  area  to  prevent  dust 
generation. 


Excavation  of  contaminated  solids  can  use  ordinary 
construction  equipment  (backhoes,  bulldozers,  ana 
front-end  loaders). 

Some  hydroxide  sludges  that  are  difficult  to  dewater  are 
more  easily  dewatered  if  frozen  and  then  thawed  one  or 
more  times. 

Sludges  placed  on  sand  layered  over  gravel.  Water  in  the 
sludge  evaporates  and  drains. 


Lime  treatment  of  tailings  and  contaminated  soils  prior 
to  capping. 

Solid  hazordous  wastes  ore  permanently  disposed  of 
in  a RCRA-permitted  landfill.  RCRA  lonafills 
cannot  accept  liquid  hazardous  waste. 

Solid  nonhazordous  wastes  are  permanently  disposed 
of  in  a non-RCRA  landfill.  Landfills  connot 
accept  liquid  wastes 

Surfoce  impoundments  ore  used  to  store,  dispose,  or 
treat  liquid  and  sludge  type  waste  Also  known  os  ponds, 
lagoons,  liquid  trenches,  evaporation  ponds,  treatment 
ponds,  aeration  pits,  and  stabilization  basins. 

Short  and/or  long-term  monitoring  is  implemented  to 
record  site  conditions  and  contamination  levels. 


J \INDUST\BOI24B56\riG6-  3-  4 DWG 


Selected  for  use  in  assembling  media-specific  actions.  Other  process  options  may  later  be  determined 
to  be  more  appropriate  for  use  during  design  or  implementation  of  the  remedy. 


TABLE  6-3  (continued) 

PROCESS  OPTIONS  RETAINED  FOR  CONSIDERATION 
IN  THE  DEVELOPMENT  OF  MEDIA-SPECIFIC  ACTIONS 


GENERAL  RESPONSE 

ACTIONS  REMEDIAL  TECHNOLOGY 


FOR  SURFACE  WATER 

PROCESS  OPTION  DESCRIPTION 


No  Action 


None 


No  oction 


Institutionol  Controls 


Access  ond  Use  Restrictions 


Regulotions  ond  Legol  Borriersj 


Deed  Restrictions 


Access  Controls 


Access  Controls 


No  trespassing,  and  other  restrictions  to  limit  access 
ond  use  May  enhance  other  generol  response  octions. 

Deed  restrictions  issued  for  property  within  potentially 
contaminated  areas  to  restrict  use.  May  enhance 
other  general  response  actions. 

Regulotions  promulgated  to  prohibit  aquifer  use  or 
require  a permit  for  use.  May  enhonce  other  generol 
response  actions. 

Security  fences  installed  around  potentially 
contaminated  areas  to  limit  access. 

Diversion  and  collection  structures  installed 
upslope  or  at  perimeter  of  the  site  to  control 
drainage  of  stormwater  runoff.  System  con  also  be 
implemented  to  collect  contaminated  surface  water 
for  remediation. 

(Excovotion  of  toilings  causing  contamination  of  surfoce  woter) 
Excavation  of  contaminated  sediments  requires 
floating  equipment  or  operation  of  equipment  on  the 
bank.  Hydraulic  dredges,  borge-bounted  pumps,  vacuum 
trucks,  ond  pneumatic  dredges  are  used  for  excavation 
Generally  bulk  liquid  removal  will  also  be  required 
Used  to  remove  large  amounts  of  liquid.  Liquid 
must  be  free  of  debris. 

Used  to  remove  liquids  from  tanks  or  ponds.  Not 
recommended  for  flammable,  reactive,  or  shock- 
sensitive  materials. 

Equalization  bosin  regulates  flow  through  a t'eotment 
focility  Mechanical  mixing  equalizes  concentration 
Suspended  solids  removed  from  liquid  by  gravity  in 
o tank  or  lagoon.  Sedimentotion  often  preceded  by 
chemicol  precipitation  and/or  by  coogulation  and 
flocculation. 

Chemicol  equilibria  of  waste  altered  to  reduce  the 
solubility  of  heovy  metals  through  the  addition 
of  a substance  that  reacts  with  the  metals  or 
changes  the  pH  or  through  o change  in  temperoture. 

Metols--contominoted  woter  is  treated  by  biological 
and  chemical/physical  processes  in  o wetland. 

Metals- -contaminated  woter  is  treated  by  biological 
ond  chemical/physicol  processes  in  a pond. 


Aqueous  streams  are  discharged  to  surfoce 
receiving  streams. 

(Disposol  of  toilings  cousing  contamination  of  surface  water) 
Solid  hazardous  wastes  are  permanently  disposed  of 
in  o RCRA-permitted  landfill.  RCRA  landfills 
connot  accept  liquid  hazardous  waste. 

(Disposal  of  tailings  causing  contamination  of  surface  woter) 
Solid  nonhazordous  wastes  are  permanently  disposed 
of  in  o non-RCRA  landfill.  Londfills  connot 
occept  liquid  wastes. 

(Disposal  of  toilings  causing  contamination  of  surface  water) 
Surfoce  impoundments  ore  used  to  store,  dispose,  or  treat 
liquid  and  sludge-type  waste.  Also  known  as  ponds,  logoons. 
liquid  trenches,  evaporation  ponds,  treatment  ponds,  aeration 
pits,  and  stabilization  bosins. 

Short-ond/or  long-term  monitoring  is  implemented 
to  record  site  conditions  ond  con  lamination  evels 


Selected  for  use  in  assembling  media-specific  actions. 
Other  process  options  may  later  be  determined  to  be 
more  appropriate  for  use  during  design  or  implementation 
of  the  remedy. 
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elaboration  of  the  factors  contributing  to  the  screening  of 
remedial  technologies  and  process  options. 


ASSEMBLING  MEDIA-SPECIFIC  ACTIONS 


The  study  next  assembled  media-specific  actions.  Media- 
specific  actions  are  assembled  by  combining  the  selected 
remedial  technologies  and  process  options  to  address  the 
remedial  objectives  identified  for  the  operable  unit. 


In  this  study,  media-specific  actions  were  developed  for 
each  of  the  four  site  media:  pond  bottom  sediments  (three 

different  media-specific  actions),  surface  water  (three 
different  media-specific  actions),  tailings  deposits  and 
contaminated  soils  (four  different  media-specific  actions), 
and  groundwater  (two  media- specific  actions).  Twelve  media- 
specific  actions  were  developed  in  all  and  they  are  listed 
in  Table  6-4.  Table  6-5  provides  some  description  and 
discussion  of  the  media-specific  actions  to  clarify  the 
listings  in  Table  6-4.\  The  media- specif ic  actions  are 
further  developed  in  Chapter  7. 


Most  feasibility  studies  would  not  assemble  media-specific 
alternatives  at  thie^point , but  rather  would  proceed  di- 
rectly with  assembling  the  technologies  and  process  options 
into  comprehensive  alternatives.  However,  so  long  as  the 
interactions  among  the  media  do  not  prevent  you  from  develop- 
ing separate  actions,  the  assembly  of  alternatives  can  be 
completed  later  in  the  feasibility  study  process. 10  This 
is  the  case  at  the  Warm  Springs  Ponds  Operable  Unit.  While 
there  are  some  interactions  between  the  media  (see  Figure  6- 
1),  those  interactions  do  not  significantly  affect  the  range 
of  actions  that  can  be  developed  for  the  problems  identified 
at  the  operable  unit. 


10 


USEPA,  1988.  1-7,  4-20,  and  6-4  to  6-5. 
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TABLE  6-4 

ASSEMBLED  MEDIA-SPECIFIC  ACTIONS 

MEDIA  1:  POND  BOTTOM  SEDIMENTS 


Problem  1:  POND  BOTTOM  SEDIMENTS  CONTAINMENT  - FLOODS 

Media-Specific  Action  1. 


Berm  Protection/Raise  Berms 

Berm  Protection /Armor  3erms 

Media-Specific  Action  2. 

Pond  Closure/Drain/Dewater 

Solids  Treatment/Soil  Cement/ 
Pozzolanic 

Problem  2:  POND  BOTTOM  SEDIMENTS  CONTAINMENT  - EARTHQUAKES 

Media-Specific  Action  3. 

8erm  Stcbilization/Flatten  Berm  Slopes 


Media-Specific  Action  2. 


MEDIA  2:  SURFACE  WATER 


Problem  3:  FISHKILLS 

Media-Specific  Action  4. 
Excavation/Sediments  — — 


2 

Land  Disposal/-- 


Problem  4:  METAL  LOADS  IN  MILL.  WILLOW,  AND  SILVER  BOW  CREEKS 

Media-Specific  Action  5. 


Media-Specific  Action  6. 


Problem  5:  EROSION  OF  MILL-WILLOW  BYPASS  TAILINGS  INTO  Cl  ARK  FORK  RIVFR 


Media-Specific  Action  4.  (repeat) 


Exca  vat  ion /Sediments 


Disposal/-- 


Problem  6:  TRANSPORT  OF  UPSTREAM  TAILINGS  TO  CLARK  FORK  RIVFR 

Media-Specific  Action  6.  (repeat) 


TABLE  6-4  (comnuec) 

ASSEMBLED  MEDIA-SPECIFIC  ACTIONS 

MEDIA  3:  TAILINGS  DEPOSITS  AND  CONTAMINATED  SOIL 


-Qblgm  7;  HUM  AM  AND  ENVIRONMENTAL  EXPOSURE  TO  SURFACE  CONTAMINATION 
Mecia-Spec'fic  Ac:  or  7 


sppmg/Native  Soii 


Sur'cce  Cor-  t-ois/Re vegetation 


Media-Specific  Action  8. 


Access  Controls/Flooding 


Dust  Sucoressipn /Floocing 


Media-Specific  Action  S. 


Media-Specific  Action 
Excavation/Solids  — — 


10. 

— Land  Disposal/RCRA  Landfill 


MEDIA  4:  GROUNDWATER 


Problem  8:  CONTAMINATED  GROUNDWATER  BELOW  POND  1 BERM 

Media-Specific  Action  11. 


Media-Specific  Action  12. 


Note  that  institutional  controls  or  access  controls  and  monitoring,  while  not  listed  in  these  media-specific 
actions,  may  be  included  to  increase  and  ensure  the  effectiveness  of  any  of  the  media-specific  actions. 


7he  format  for  listing  technologies  and  process  options  is 

Technology/Process  Option 


2 

The  process  options  for  disposal  are  addressed  under  "MEDIA  3:  TAILINGS  DEPOSITS  AND  CONTAMINATED  SOIL. 
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TABLE  6-5  (Continued) 

DESCRIPTION  OF  THE  MEDIA-SPECIFIC  ACTIONS 
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NOTES: 

1.  POND  1 SEDIMENTS  ARE  THE  MAJOR  SOURCE  OF 
GROUNDWATER  CONTAMINATION  BELOW  POND  1. 


2.  EXPOSED  TAILINGS  AND  CONTAMINATED  SOILS  ARE 
A CONTINUING  SOURCE  OF  METAL  IONS  TO  THE 
SURFACE  WATERS,  PARTICULARLY  THE  BYPASS,  WHERE 
THEY  CAUSE  FISHKILLS. 


3.  THE  EXPOSED  TAILINGS  AND  CONTAMINATED 

SOILS  WERE  DEPOSITED  AT  THEIR  CURRENT  LOCATIONS  BY 
THE  SURFACE  WATER  FLOWS.  THE  SURFACE  WATER  IS  A 
CONTINUING  SOURCE  FOR  FUTURE  DEPOSITS  OF  TAILINGS. 


4.  CONTAMINATED  GROUNDWATER  DISCHARGES  TO  THE 
SURFACE  WATER  BELOW  POND  1,  AND  ALSO  TO  THE 
CL4RK  FORK  RIVER. 


5.  SOME  SMALL  AREAS  OF  THE  TAILINGS  BELOW  POND  1 ARE 
BELOW  THE  WATER  TABLE  AND  ARE  SUSPECTED  OF 
CONTRIBUTING  TO  THE  CONTAMINATION  IN  THE 
GROUNDWATER  IN  THAT  AREA. 


FIGURE  6-1 

INTERACTIONS  BETWEEN  THE 
MEDIA  AT  THE 
WARMS  SPRINGS  PONDS 
OPERABLE  UNIT 

WARM  SPRINGS  PONDS 
FEASIBILITY  STUDY 


B24856.E2 


The  known  interactions  between  the  media  are  discussed  in 
the  following  paragraphs. 

The  pond  bottom  sediments  are  known  to  be  the  major  source 
of  the  contaminants  in  the  groundwater  below  Pond  1.  The 
interaction  of  the  pond  bottom  sediments  with  the  ground- 
water  does  not  affect  the  types  of  remedial  actions  that  can 
be  developed  for  the  pond  bottom  sediments.  The  main  prob- 
lem presented  by  the  sediments  is  their  potential  for 
release  in  the  event  of  a flood  or  an  earthquake.  Alterna- 
tives for  protecting  the  pond  bottom  sediments'  from  cata- 
strophic releases  can  be  developed  without  simultaneously 
addressing  the  contribution  of  the  sediments  to  ;the  ground- 
water  contamination.  The  groundwater  problem  cannot  be 
effectively  addressed  by  source  control  actions  taken  on  the 
pond  bottom  sediments.  The  only-source  control  action  that 
would,  in  principle,  decrease  the  contribution  of  the  Pond  1 
sediments  to  the  groundwater  contamination  would  be  removal 
of  the  sediments;  this  technology:  was  screened  out  in 
Table  6-2  due  to  its  technical  infeasibility.  The  ground- 
water  contamination-problem  must  instead  be  addressed  by 
direct  actions  t akeh  ::t o e xtr ac t and  treat  the  groundwater, 
and  perhaps  to  ^intercept  some  of  the  groundwater  before  it 
becomes  contaminated:,  and  divert  it  around  Pond  1. 

The  tailings  deposits  are  known  to  contribute  to  the  surface 
water  contamination  by  releasing  metal  ions  to  the  flows. 
This  has  been  discussed  previously,  particularly  in  Chap- 
ter 4,  as  the  cause  of  the  fishkill  problem.  Besides  the 
acute  contamination  problem  resulting  in  the  fishkills,  the 
tailings  and  contaminated  soils  also  contribute  smaller 
amounts  of  contaminants  to  the  surface  water  on  a chronic 
basis.  This  interaction  between  the  exposed  tailings  and 
the  surface  water  does  not  affect  the  alternatives  that  can 
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be  developed  for  either  of  these  two  media.  In  both  cases, 
actions  must  be  taken  to  isolate  the  tailings. 


The  surface  water  is  known  to  be  the  source  of  the  tailings 
deposits  and  contaminated  soils  along  the  bypass  and  in 
other  areas  of  the  operable  unit,  and  can  be  expected  to 
bring  additional  deposits  in  the  future  if  nothing  is  done 
to  remove  the  tailings  from  the  flows  in  the  creeks,  or  to 
prevent  the  erosion  of  the  upstream  tailings  deposits.  This 
interaction  between  the  surface  water  and  the  tailings  depos- 
its and  contaminated  soils  will  be  significant  in  determin- 
ing the  long-term  effectiveness  (permanence)  of  any  actions 
that  might  be  taken  to  remove  the  existing  tailings  and 
contaminated  soils.  Specifically,  $ome  actions  must  be 
taken  to  prevent  future  deposits  or  "to  remove  such  deposits 
as  they  collect.  Otherwise,  new  tailing^  and  contaminated 
soils  will  build  up,  the  cleanup  will  prove  to  be  only 
temporary,  and  fishkills  will  again  become  a possibility. 


However,  this  interaction  does  not^  affect  the  alternatives 
that  can  be  developed  no  address  the  tailings  that  are  al- 
ready in  the  byp dssT%ibe  existing  tailings  and  contaminated 
soils  have  to  be  addressed  by  actions  taken  separately  from 
those  for  addressing,  the/potential  for  future  deposits.  The 
possibility  of  future  deposits  has  to  be  addressed  by  either 
source  control  actions  on  the  upstream  sediments  (part  of  a 
later  feasibility  study  on  a different  operable  unit) , or  by 
treating  the  contaminated  flows  to  remove  the  suspended 
solids  (addressed  in  this  feasibility  study). 


The  groundwater  is  known  to  affect  the  contamination  levels 
in  the  surface  water  north  of  Pond  1,  and  in  the  Clark  Fork 
River.  This  interaction  does  not  affect  the  alternatives 
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that  can  be  developed  to  address  the  groundwater  contamina- 
tion. The  groundwater  must  be  extracted  and  treated.  Ex- 
tracting the  groundwater  for  treatment  will  effectively 
address  the  problem  of  the  groundwater  contaminating  the  sur 
face  water  by  reducing  the  discharge  of  the  contaminated 
groundwater  to  the  surface  water  bodies. 


RANGE  OF  THE  MEDIA- SPECIFIC  ACTIONS 


There  are  certain  features  of  the  operable  unit  that  tend  to 
reduce  the  range  of  technologies  that  can  be  implemented. 

The  following  subsections  discuss  the  reasons  dr  the  lim- 
ited range  of  media-specific  actions;"  identified  in  Table  6- 

4. 


POND  BOTTOM  SEDIMENTS 


Pond  Bottom  Sediment  Containment -^-Eloods 


To  prevent  the  pond;  hot tom  sediments  from  being  released  dur 
ing  a flood,  i t wi.1T  "be  ne  be s s a ry  to  either  remove  them  from 
the  floodplain %d;|%they  are  not  subject  to  floods,  to  improve 
the  pond  berms  so^that/they  will  survive  a flood  substan- 
tially unharmed,  or  to  stabilize  the  pond  bottom  sediments 
so  that  if  the  berms  are  damaged  by  a flood  the  sediments 
will  not  be  released. 


As  noted  in  Table  6-2,  excavation  and  removal  of  the  tail- 
ings was  screened  out  because  its  implementation  would  be 
extremely  difficult  and  impractical.  The  volume  of  the 
sludges  is  too  large  to  allow  this  approach  to  be  readily 
implemented.  The  sediments  would  have  to  be  dewatered  prior 
to  excavation.  This  alone  could  take  decades  to  complete 
because  the  sediments  are  of  a type  that  is  very  difficult 
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to  dewater.  Once  dewatered,  the  excavation  and  removal 
would  take  several  additional  years  and  require  over  a mil- 
lion truck  trips.  Added  to  this  is  the  problem  of  providing 
an  acceptable  disposal  site  for  so  large  a volume  of  wastes. 


If  the  berms  are  to  be  upgraded  to  withstand  a flood,  only 
one  approach  will  meet  the  remedial  objective  of  keeping  the 
sediments  in  the  ponds:  raising  and  armoring  the  berms  so 

they  will  not  be  overtopped  or  damaged  by  a design  flood. 

The  only  other  approach  that  is  used  to  protect  berms  from 
high  flows  is  installing  a spillway.  A spillway  allows  a 
high  flow  to  pass  through  and  out  of  a pond*,,  over  the  berm, 
without  damaging  the  berm.  Such  an  approach  would  not  be 
effective  in  meeting  the  remedial  objective  because  the 
large  flows  passing  through  the  ponds  would  scour  a substan- 
tial fraction  of  the  sediments  from  the,  pond  bottoms  and 
wash  them  out  of  the  pond  system 


There  are  several  ways  to  armor  the  berms,  but  those  are 
design  details  that  are  discussed  in  the  next  chapter  and 
will  only  be  ultimately  decided  during  the  final  design 
phase.  There  i stalls d%a%ahg#  of  design  floods  against  which 
protection  could  be  provided.  The  selected  design  flood 
will  determine  the,  lina 1/height  of  the  berms . All  of  these 
variations  fall  under -the  same  media-specific  action  of  rais- 
ing and  armoring  the  berms. 


If  the  sediments  are  to  be  stabilized,  their  large  volume 
calls  for  an  in  situ  stabilization  process.  The  in  situ 
stabilization  process  would  be  less  difficult  and  less 
costly  than  excavation  and  handling  of  the  wastes.  A 
pozzolanic  (cement-like)  process  was  selected  because  it  is 
apt  to  be  less  expensive  than  polymer  admixtures,  and 
because  there  is  a technology  for  pozzolanic  in  situ 
stabilization  that  has  been  demonstrated  on  a large  scale. 
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No  other  means  of  stabilizing  such  large  volumes  of 
gelatinous  sludges  was  identified. 

Pond  Bottom  Sediments  Containment — Earthquakes 

Two  options  exist  to  prevent  the  pond  bottom  sediments  from 
being  released  during  an  earthquake:  improve  the  pond  berms 
so  they  will  survive  an  earthquake  substantially  unharmed; 
or  stabilize  the  pond  bottom  sediments  so  that  if  the  berms 
are  damaged  by  an  earthquake,  the  sediments  will  not  be  re- 
leased. The  general  response  action  of  removal  would  not, 
by  itself,  be  effective.  Moving  the  sediments , to  another 
location  would  not  be  an  effective  solution  unless  a dis- 
posal site  substantially  lower  in  seismic^ susceptibility 
could  be  found.  This  could  require  moving  the  sediments 
many  miles,  and  would  involve  the  other,  problems  noted  above 
for  the  dewatering,  excavation,^  and  transport  of  the  sedi- 
ments. Even  if  the  sediments  could  be  moved  to  a seis- 
mically  stable  facility  nearby,  but  this  would  be  much  more 
expensive  and  no  more  % £t:e c t iye  than  improving  the  seismic 
stability  of  the  existing  ponds. 

If  the  berms  a ire  to  be  upgraded  to  withstand  an  earthquake, 
there  are  two  approaches  that  are  acceptable  from  an  engi- 
neering point  of  viewr- flattening  the  slopes  of  the  berms  so 
they  will  not  be  damaged  by  an  earthquake,  or  adding  mate- 
rial (weight)  just  at  the  toe  of  the  berm  rather  than  along 
its  full  height.  Either  approach  is  potentially  usable  at 
Warm  Springs  Ponds.  Flattening  the  slopes  of  the  berms  was 
selected  for  use  in  this  study  because  it  may  be  less  expen- 
sive than  adding  material  at  the  toe  of  the  berms. 

The  discussion  in  the  preceding  subsection  regarding  in  situ 
stabilization  applies  as  well  to  stabilizing  the  sediments 
so  they  would  not  move  if  an  earthquake  damaged  the  berms. 
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SURFACE  WATER 


Fishkills 


In  Chapter  4,  the  major  cause  of  the  fishkills  was  identi- 
fied as  the  tailings  deposits  in  the  Mill  Willow  Bypass.  In 
order  to  prevent  future  fishkills  from  this  cause,  it  will 
be  necessary  to  isolate  the  flows  in  the  bypass  from  the 
tailings.  This  can  be  done  either  by  removing  the  tailings 
from  the  bypass  or  by  installing  a barrier  between  the  tail- 
ings and  the  flows  so  that  the  contaminants,  ;ln  the  tailings 
cannot  reach  the  water  in  the  bypass.  Two  examples  of  bar- 
riers that  were  considered  are  installation  of-,  d:\culvert  for 
the  flows  in  the  bypass,  and  lining  the  bypass  with  a paving 
material  such  as  concrete . 


A media-specific  action  incorporating"  construction  of  a bar- 
rier was  not  assembled  because  ip \ would  be  more  expensive 
and  less  effective  than -simply  removing  the  tailings.  Re- 
moval of  the  tailings  "is^pxpect^d  Sjto  solve  the  problem,  as 
long  as  new  deposits*  pf  tailings  are  not  allowed  to  accumu- 
late in  the  bypass/ :;iA,  bar  tier  would  simply  act  to  restrict 


movement  of  the-, tailings  already  in  place.  Construction  of 
a barrier  is  not  specifically  screened  out  in  Table  6-2  be- 
cause the  process  option  that  it  would  fall  under,  "Diver- 
sion and  Collection  Systems,"  is  needed  for  other  surface 
water-specific  actions  in  the  following  subsections. 


Thus,  one  media-specific  action  is  identified  for  solving 
the  fishkill  problem--removing  the  tailings  from  the  bypass. 
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Metals  Loads  in  the  Flows  of  Mill,  Willow,  and  Silver  Bow 
Creeks 

Two  options  exist  to  protect  the  Clark  Fork  River  from  the 
contaminated  flows  of  the  three  creeks:  control  or  eliminate 
the  sources  of  the  contaminants  so  the  three  creeks  will  no 
longer  be  contaminated;  or  provide  treatment  of  all  flows 
until  the  sources  can  be  controlled  or  eliminated. 


This  operable  unit  feasibility  study  does  not ^examine  the 
possibility  of  controlling  or  eliminating  the  /Upstream 
sources  of  the  dissolved  metals  and  tailings.  The  majority 
of  the  sources  are  miles  upstream  and  are  not  part  of  the 
operable  unit  addressed  in  this  study./  As  noted/previously, 
they  will  be  addressed  in  separate  feasibility  studies.  In 
addition,  even  if  upstream  sources  are/controlled , continued 
treatment  and  protection  may  be  needed . % 


As  noted  in  Chapters  2 through  5 ,\  the  current  treatment 
system  is  not  adequate/ to:  meet,  the-  chemical- specif  ic  ARARs 
identified  for  the  .surface  waters.  The  available  treatment 
capacity  will  have-  td-'  be::.  upgraded , and  the  system  changed  to 
include  treatment/pf  Mill  and  Willow  Creeks , if  the  ARARs 
are  to  be  met.  There  are  two  ways  to  provide  continuing, 
upgraded  treatment : /upgrading  the  existing  pond  treatment 
system,  or  replacing  the  existing  system  with  a new  one  that 
can  meet  the  chemical-specific  ARARs. 


Both  of  these  approaches  to  upgrading  the  currently  inade- 
quate treatment  system  are  developed  in  the  next  chapter. 
Briefly  though,  either  of  these  two  approaches  would  use  the 
same  basic  method  of  treatment  as  currently  used.  That  is, 
neither  an  upgrading  of  the  existing  system  nor  a new  system 
would  use  a different  combination  of  technologies  and  proc- 
ess options  from  that  currently  being  used.  No  more  effec- 
tive or  less  expensive  treatment  technology  is  available  for 
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flows  as  large  as  the  treatment  system  has  to  handle.  There- 
fore, both  alternatives  fall  under  the  same  media-specific 
action  (Number  5). 

Erosion  of  Mill  Willow  Bypass  Tailings  into  the  Clark  For 
River 

There  are  three  ways  to  keep  the  tailings  in  the  bypass  from 
eroding  during  high  flow  events:  stabilize  the  tailings  to 
resist  erosion,  contain  the  tailings  by  means  :;of  a barrier 
that  prevents  movement,  or  remove  the  tailings  from  the 
bypass . 

Either  stabilizing  or  containing  the1  tailings  would  be  less 
implementable , less  effective,  and  more  expensive  than 
removing  them.  For  this  reasonf-and  because  removing  the 
tailings  is  required  in  order  to  solve  the  fishkill  problem, 
one  media- specif ic  action  was  assembled  for  this  problem-- 
removing  the  tailings  from  the  bypass . 

Transport  of  Upstream  Tailings  to  the  Clark  Fork  River 

The  tailings  deposited  along  Silver  Bow  Creek  and  occurring 
to  lesser  extent s^ih-Mi 11  and  Willow  Creeks  are  eroded  by 
water  flowing  in  the creeks  and  carried  through  the  operable 
unit  into  the  Clark  Fork  River.  Small  amounts  of  tailings 
are  probably  eroded  continuously  by  normal  flows  in  the 
creeks;  suspended  solids  measured  in  the  surface  water  are 
partly  tailings.  During  normal  flows,  the  tailings  in  Sil- 
ver Bow  Creek,  but  not  those  in  Mill  and  Willow  Creeks,  are 
settled  out  in  Pond  3.  During  higher  flows  and  floods,  the 
Silver  Bow  Creek  flows  are  diverted  around  the  ponds  and  go 
directly  to  the  Clark  Fork  River. 
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Pond  3 cannot  be  used  to  settle  out  the  tailings  during  high 
flows  and  floods  because  its  calculated  allowable  maximum 
flow  rate  of  600  cfs  is  substantially  below  flood  flow 
levels.  At  flows  much  above  600  cfs,  sediments  already  in 
the  pond  could  be  reentrained  near  the  discharge  structures 
and  the  water  could  leave  Pond  3 more  contaminated  than  when 
it  entered. 


To  protect  the  Clark  Fork  River  from  being  the  ultimate  re- 
pository of  much  of  the  approximately  3 milliqp.  cubic  yards 
of  tailings  upstream  of  the  operable  unit,  one  of  three 
actions  will  be  necessary:  1)  stabilize  or:  contain  the  up- 

stream tailings  so  they  are  not  susceptible  tb;:  erosion, 

2)  remove  the  tailings  from  the  upstream  creek  beds  and 
banks,  or  3)  provide  additional  detention  and  settling  capac- 
ity to  settle  the  tailings  out  during  high  flow  events. 

This  study  focuses  on  the  media- specific  action  of  providing 
upstream  detention  and  settling  Lcapacity  for  interim  protec- 
tion pending  upstream  cleanups,  and  for  protection  during 
catastrophic  events.  This  will  require  construction  of  a 
new  impoundment  up  str  e am  o f Pond  3 . 


TAILINGS  DEPOSITS  AND  CONTAMINATED  SOILS 

Unlike  the  other  media , the  range  of  media-specific  actions 
for  tailings  deposits  and  contaminated  soils  is  not  limited 
Several  alternatives  are  possible  and  develop  for  this  site 
problem. 


GROUNDWATER 


Contaminated  Groundwater  Below  Pond  1 

In  general,  contaminated  groundwater  can  be  either  treated 
in  place,  or  removed,  treated,  and  discharged.  In  situ 
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treatment  is  generally  limited  to  organic  contaminants  that 
can  be  degraded  by  biological  processes.  However,  the 
groundwater  in  the  operable  unit  is  contaminated  by  inor- 
ganic contaminants.  None  of  the  existing  in  situ  remedial 
technologies  for  inorganic  groundwater  contaminants  would  be 
effective  at  the  Warm  Springs  Ponds  Operable  Unit.  There- 
fore, attaining  groundwater  ARARs  below  Pond  1 will  require 
extracting  the  groundwater,  and  treating  and  releasing  it. 


Two  methods  are  generally  used  to  extract  groundwater:  wells 
and  trench  drains.  Either  method  could  be  used  at  Warm 
Springs  Ponds.  However,  a large  number  of  wells  would  be 

effectiveness  of 


required  to  extract  the  groundwater, 
trench  drains  would  be  more  certain,:  and  trench  drains  would 
be  less  expensive  over  the  long  term  than  a well  system. 
Therefore,  trench  drains  were  selected  ash  the  representative 
process  option,  and  no  media-specific  actions  were  assembled 
using  wells  as  the  extraction  method.. 


The  extracted  groundwater  would  be  treated  to  remove  the  dis- 
solved metals . This^eould  be  accomplished  by  constructing  a 
wetland  in  the  area  "Beldw  Pond  1 and  using  the  wetland  to 
treat  the  extracted  groundwater  prior  to  discharge  to  the 
Clark  Fork  River,  by  pumping  the  groundwater  through  a 
pipe  to  Pond  3 for  treatment . 


Wetland  treatment  is  an  innovative  technology  that  provides 
some  advantages  for  this  application.  It  would  flood  an 
area  that  is  currently  contaminated.  Removal  of  tailings 
deposits  and  contaminated  soils  prior  to  construction  of  the 
wetland  is  considered  in  the  development  of  the  media- 
specific  actions  in  Chapter  7. 
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Chapter  7 

DETAILED  DEVELOPMENT  OF  THE  MEDIA-SPECIFIC  ACTIONS 


> 


The  purpose  of  any  remedial  action  undertaken  at  the  Warm 
Springs  Ponds  Operable  Unit  will  be  to  protect  human  health 
and  welfare  and  the  environment,  and  to  attain  compliance 
with  the  applicable  or  relevant  and  appropriate  requirements. 
These  requirements  have  been  determined  for  each  of  the 
contaminated  media. 


For  the  pond  bottom  sediments,  the  principal  applicable  re- 
quirements are  those  set  forth  in  the  Montana  Department  of 
Natural  Resources  and  Conservation  dam  safety  regulations. 
These  regulations  require  that  the  berms,  if  left  in  place, 
be  protected  from  serious  damage  by  certain  specified  design 
floods  (i.e. , 0.2  PMF , 0.3  PMF , and  0*5  PMF  for  Ponds  1,  2, 
and  3,  respectively),  and  that  the  berms  be  built  to  with- 
stand a maximum  credible  earthquake  without  serious  damage. 

A static  safety  factor^ of  1.5  and  a seismic  safety  factor  of 
1.2  will  also  be  required,  f 

For  the  surface  water,  the  principal  applicable  or  relevant 
and  appropriate  requirements  are  the  Montana  water  quality 
standards  for  aquatic  life  and  public  health  protection. 

For  the  tailings  deposits  and  contaminated  soils,  there  is 
no  applicable  or  relevant  and  appropriate  requirement  for 
cleanup.  However,  for  the  purpose  of  this  feasibility 
study,  two  target  cleanup  levels  have  been  selected.  Areas 
of  tailings  deposits  and  contaminated  soils  containing 
concentrations  over  250  parts  per  million  of  arsenic  and/or 


I 


7-1 


containing  over  750  parts  per  million  of  lead  are  designated 
for  remediation.  This  will  reduce  the  threats  to  human 
health  which  the  Public  Health  and  Environmental  Assessment 
has  identified  as  attendant  to  such  levels  of  contamination. 


For  the  groundwater,  the  applicable  or  relevant  and  appro- 
priate requirements  are  the  Montana  primary  maximum  contami- 
nant levels.  Areas  of  aquifers  contaminated  at  levels  above 
the  maximum  contaminant  levels  (specifically,  the  area  below 
Pond  1 delineated  in  Figure  2-20  as  exceeding  the  primary 
maximum  contaminant  levels  for  arsenic  and  cadmium)  would  be 
remediated  to  reduce  the  contamination  to  below  the  maximum 
contaminant  levels. 


In  the  preceding  chapter,  the  remedial^  technologies  and  pro- 
cess options  were  screened  and  selected  process  options  were 
assembled  into  media-specific  actions  to  -achieve  these  appli- 
cable or  relevant  and  appropriate  requirements  and  target 
cleanup  levels.  Twelve  media-specific  actions  were  assem- 
bled to  address  the  four  site  tied ia  (i.e.  , pond  bottom  sedi- 
ments, surface  water,  tailings  deposits  and  contaminated 
soils,  and  groundwater)!  This  chapter  develops  each  of  the 
media-specific  actions  in  detail,  indicating  calculations, 
process  flow  analyses , layouts,  and  sizing  of  the  various 
components.  Some  of  the  media-specific  actions  are  devel- 
oped as  more  than  one  option  to  provide  a range  of  options 
where  possible.  The  media-specific  actions  will  be  combined 
in  Chapter  8 to  develop  comprehensive  alternatives  for  the 
entire  operable  unit,  which  will  then  be  evaluated  in  detail 
in  preparation  for  the  ultimate  selection  of  an  appropriate 
remedy. 


The  12  media-specific  actions  (including  options)  are  listed 
in  Table  7-1. 
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Table  7-1 

MEDIA-SPECIFIC  ACTIONS  DEVELOPED 
FOR  THE  WARM  SPRINGS  PONDS  OPERABLE  UNIT 
FEASIBILITY  STUDY 


POND  BOTTOM  SEDIMENTS 

IA.  Stabilize  pond  berms  to  withstand  a probable  maxi- 
mum flood  (PMF) 

IB.  Stabilize  pond  berms  to  withstand  fractions  of  a 
PMF  ( Pond  3 , a 0.5  PMF ; Pond  2 , a 0.3  PMF ; Pond  1 , 
a 0.2  PMF) 

2.  Solidify  pond  bottom  sediments 

3.  Stabilize  pond  berms  to  withstand  a-paximum  cred- 
ible earthquake 

SURFACE  WATER 

Remove  exposed  tailings  and  Contaminated  soils 
from  along  the  bypass 

Comprehensive  upgrade  of  tlieMiurrent  Pond  3 
system  C 

Partial  upgrade  of  hlie  current  Pond  3 system:  re- 

place the  fuse  p lug , \improve  -the  trashrack,  and 
improve  the  lime  addition"  system 

Construct  a new  treatment  pond 

Construct  atk  8V0  00  - a c f e -:  f o o t upstream  flood 
impoundment  '%/' 

Const tuqt:  ""ll, 000 -acre -foot  upstream  settling  basin 
DEPOSIl^AND  CONTAMINATED  SOILS 
Cap  an<l%r  dy:ege  t ate  all  applicable  areas 
Flood  all  applicable  areas 

Excavate  from  all  applicable  areas;  disposal  in  an 
offsite  RCRA  facility 

Excavate  from  all  applicable  areas;  disposal  in 
an  onsite  waste  repository  (Pond  1)  either  prior 
to  solidification  (Media-Specific  Action  2)  or 
capping  (Media-Specific  Action  7) 

GROUNDWATER 

11.  Install  trench  drain  below  Pond  1;  treat  ground- 
water  in  onsite  wetlands 

12.  Install  trench  drains  in  and  below  Pond  1;  treat 
groundwater  in  Pond  3 

ch/CVOR207/015.WP 


4. 

5A. 
5B . 

5C . 
6A. 

6B . 

TAILINGS 

7. 

8. 

9. 

10. 
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MEDIA-SPECIFIC  ACTION  1: 


STABILIZE  POND  BERMS  TO  WITHSTAND  FLOODS 


The  existing  western  pond  berms  along  the  Mill-Willow  Bypass 
are  susceptible  to  failure  due  to  overtopping  or  scour  dur- 
ing a major  flood  event  in  the  Mill,  Willow,  Silver  Bow 
Creeks  system.  In  addition,  the  ponds  are  susceptible  to 
flooding  and  potential  overtopping  of  the  berms  from  large 
storm  events  in  the  hills  east  of  the  ponds. 


This  media-specific  action  for  the  pond  bott6m: sediments  pro- 
poses measures  to  protect  the  berms  from  s c curing  or  over- 
topping during  various  flood  events.  Media -Specific  Ac- 
tion 1A  would  provide  protection  against  a probable  maximum 
flood  (PMF) . Media-Specific  Ac t ioh% 1 Eh  de t a i 1 s measures  to 
protect  against  lesser  flood  events  ranging  from  a 0.2  to 
0.5  PMF,  depending  upon  which  pond  I&: being  considered. 

\V/' :::?r 

MEDIA-SPECIFIC  ACTION  1A  1ILIZE  POND  BERMS  TO  WITHSTAND 

A PROBABLE  MAXIMUM  FLOOD;: 


This  media-spec i f i c ::: :ac; t ipri;-:was  developed  to  address 
protection  of  thd^ existing  pond  berms  from  catastrophic 
failure  due  to  a p fob able  maximum  flood.  Three  discrete 
actions  would  be  incorporated  into  Media-Specific  Action  1A. 
These  include: 


o Raise  and  armor  the  pond  berms  along  the  Mill- 
Willow  Bypass  to  protect  against  a PMF  in  the 
Silver  Bow  and  Mill-Willow  drainages. 

o Reconstruct  the  Mill-Willow  Bypass,  as  necessary. 

o Provide  protection  of  the  ponds  from  storm  runoff 
from  the  hills  to  the  east. 
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The  components  of  this  media-specific  action  are  shown  in 
Figure  7-1.  The  details  are  discussed  in  the  following  sub- 
sections : 


Protect  Pond  Berms  Along  Mill-Willow  Bypass  from  a PMF 

The  existing  pond  berms  along  the  Mill-Willow  Bypass  would 
be  overtopped  in  places  during  a probable  maximum  flood  in 
the  Silver  Bow  and  Mill-Willow  drainages.  The  PMF  has  been 
estimated  to  be  146,000  cfs  in  the  vicinity  of  the  Warm 
Springs  Ponds  . 1 


A flood  modeling  program  (HEC-2)  indicated  that  -PMF  flows 
would  overtop  the  western  berms  of  Ponds  2 and  B^in  several 
places,  especially  toward  the  south "where  the  berms  provide 
the  lowest  level  of  protection .^Jnunda t'ion  of  the  ponds  by 
a PMF  would  result  in  at  least\p:artial  scour  of  the  existing 
sediments  and  potential  catastrbphic/farlure  of  the  berms 
due  to  lack  of  adequate  means1!  to  ^handle  these  flows  within 
the  pond  system. 2 Floods  through  the  ponds  would  scour  a 
channel  through  the  ::Hsed  iment s and  would  be  unlikely  to 
entrain  all  the  material,  ah.d:i;:convey  it  downstream. 


To  avoid  having  I=;:,PMF  spill  into  the  Warm  Springs  Ponds,  it 
would  be  necessary  tp^faise  the  crests  of  the  existing  em- 
bankments in  many  places.  The  flood  modeling  program  was 
rerun  assuming  an  artificial  constraint  along  the  western 
berms  to  determine  PMF  hydraulics  following  berm  raising. 
Figure  4-4  shows  the  inundation  for  a PMF  assuming  this  arti- 
ficial constraint. 


^ CH2M  HILL,  1988.  Draft  Silver  Bow  Creek  Flood  Modeling  Study.  Prepared  for  the 
State  of  Montana  Department  of  Health  and  Environmental  Sciences,  Helena,  Montana. 

2 Ibid. 
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This  simulation  indicated  that  the  berms  would  have  to  be 
raised  along  approximately  two-thirds  of  their  length,  in 

O 

some  places  by  as  much  as  14  feet,  to  avoid  overtopping. 


For  this  study,  it  was  assumed  that  the  berms  would  be 
raised  using  imported,  well-graded  gravels.  In  most  places, 
the  new  construction  would  occur  on  the  outside  (nonwater 
side,  see  Figure  7-1)  of  the  berms  to  avoid  the  need  for 
dewatering  in  the  ponds.  The  raised  portions  of  the  berms 
would  be  constructed  at  a maximum  slope  of  2.5:1  (horizon- 
tal : vertical)  . 


This  media-specific  action  assumes  the  berms  kould  be  modi- 
fied along  their  current  alignments  ,The  .conceptual  design 
does  not  include  relocating  any  of  the^  berms . During  the 
design  phase,  it  may  prove  cost-ef f ect:ive;  to  realign  the 
Pond  3 berm  to  follow  the  southern,.. edge  of  the  present  water 
surface,  over  to  the  base  of  the  eastern  hills.  Construct- 
ing a new  flood-protection  berm  klong  this  alignment  would 
probably  require  less  ifiaf erial  than  raising  the  height  of 
the  existing  berm.  :;,i; T:h i S\ya.rl a t ion  was  not  further  developed 
in  this  f e a s ib i lihy :: ;:st.udy ,::^nbr  was  a cost  estimate  prepared. 


The  outside  of  the  herms/along  the  Mill-Willow  Bypass  would 
be  armored  with  riprap  to  avoid  failure  of  the  berms  caused 
by  scour  from  floods  up  to  a PMF.^ 


3 CH2M  HILL,  1988. 

^ Either  soil  cement  or  riprap  could  be  used  to  stabilize  the  berms.  Both  would 
provide  adequate  stabilization  and  comparable  long-term  effectiveness.  The  selection  of 
one  means  of  stabilization  over  the  other  will  likely  be  based  on  economics  and  made 
during  the  predesign  or  design  phase  of  the  project.  For  purposes  of  this  feasibility 
study,  riprap  was  assumed  to  be  the  selected  material  and  is  referred  to  throughout  the 
remainder  of  the  report. 
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The  flood  modeling  program  estimated  velocities  of  16  to 
21  feet  per  second  (fps)  along  the  berms  during  a PMF,  de- 
pending on  location. 5 a preliminary  riprap  design  based 
on  these  velocities  indicated  that  60-  to  300-pound  rock 
would  be  required.  Assuming  dumped  riprap,  the  required 
thickness  would  vary  from  3 to  5 feet. 6 A filter  blanket 
or  geotextile  mat  between  the  riprap  and  the  embankment  also 
would  be  required. 

Reconstruct  the  Mill-Willow  Bypass 

In  some  locations  where  the  berms  on  the  west\side  of  the 
ponds  must  be  raised  to  keep  a PMF  out /of  thetpdnds  or  modi- 
fied for  seismic  stability  (see  Media-Specific  Action  3), 
the  new  embankments  would  cover  the/ekisting  Mill-Willow 
Bypass  channel.  In  these  locations,  it  would  be  necessary 
to  construct  a new  channel  at  the  , toe  ofxthe  embankments. 

The  new  channel  would  be  des ignljd^ yith^the  same  flow  capac- 
ity as  the  existing  channel^  '%  The  hew  channel  would  be  lined 
with  riprap,  as  necessity,  to  protect  against  scour. 

Flood  Control  Ber%  Along  East:  Side  of  Ponds 

Storm  runoff  from, the  hills  east  of  the  ponds  currently 
drains  into  the  ponds  in  an  uncontrolled  manner.  A large 
storm  in  these  hills  could  damage  the  pond  system. 


^ CH2M  HILL,  1988. 

^ Caltrans,  1970.  Bank  and  Shore  Protection  in  California  Highway  Practice. 
Sacramento,  California. 
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Based  on  a previous  study, 7 a probable  maximum  flood  from 
the  hills  east  of  the  ponds  would  have  estimated  flows  as 
shown  in  Table  7-2. 


Table  7-2 

STORAGE  CAPACITY  OF  PONDS 


Pond  1 
Pond  2 
Pond  3 


Drainage 
Area  ( sq  . mi . ) a 

3.80 

5.27 

1.73 


Peak  Discharge 
(cfs) 

13,800 

19,200 

9,700 


Storage  Available 
Volume  within  Existing 

(ac-f t ) Berms  (ac-ft) 

2,200  2,000 

3,00.0  /'  1,700 

1 , 00  Ck  3,000 


aIEC0,  1981. 


As  can  be  seen,  the  storage  capacity, in  Pond  3 is  sufficient 
to  store  these  flows  within  the"  existing  berms • The  flows 
would  be  allowed  to  come  into  Pobd:,J:::::and  would  result  in  an 
increase  in  water  surface  elevation  of -about  1.4  feet. 


Ponds  1 and  2 must  be  "protected  € tom  PMF  flows  from  the 
east,  however,  to  avoid  berm  breaching  and  sediment  scour. 
Pond  protection  .would-be  accomplished  by  diverting  a PMF 
around  the  e ash  edge  o£|  Ponds  1 and  2.  An  embankment  20  to 
30  feet  high  would  be  designed  along  the  eastern  edge  of  the 
ponds  to  direct  the  '-flood  flows  from  the  eastern  hills  north 
around  the  ponds  to  the  Clark  Fork  River.  The  upstream  face 
of  the  embankment  should  be  armored  with  riprap  to  protect 
against  scour.  Culverts  would  be  designed  through  the 
embankment  at  low  points  and  at  existing  washes  to  allow 


7 International  Engineering  Company  (IECO),  1981.  Geotechnical  and  Hydrologic  Studies 
of  the  Warm  Springs  Tailings  Ponds,  Anaconda,  Montana.  Prepared  for  the  Anaconda  Copper 
Company,  Denver,  Colorado. 
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small  flows  through  the  embankment  to  the  ponds  and  to  avoid 
the  accumulation  of  stagnant  water  at  low  points.  Because 
sediment  and  debris  would  deposit  along  the  embankment  dur- 
ing flood  discharge,  periodic  maintenance  of  the  embankment 
and  culverts  would  be  necessary  to  keep  them  operable. 

MEDIA-SPECIFIC  ACTION  IB:  STABILIZE  POND  BERMS  TO  WITH- 
STAND FLOOD  FLOWS  LESS  THAN  A PROBABLE  MAXIMUM  FLOOD 

This  media-specific  action  would  provide  flood  protection  of 
the  ponds  for  flood  events  that  are  less  thah/§  probable 
maximum  flood. 

As  with  Media-Specific  Action  1A,  there  are  three  discrete 
actions  included  in  Media-Specific  Actrion  IB.  These  in- 
clude: 

o Raise  the  pond  berms  along  the  Mill-Willow  Bypass 
to  protect  against  'the ^designated  floods. 

o Reconstruct,  the  Mill-Willow  Bypass,  as  necessary. 

o Provid#!;:,protect;ion  from  the  designated  flood  run- 
off from  the:  eastern  hills. 

The  components  of  Media-Specific  Action  IB  are  shown  in  Fig- 
ure 7-2  and  are  discussed  in  the  following  subsections. 

Protect  Pond  Berms  Along  the  Mill-Willow  Bypass  From  Desig- 
nated Floods 

The  pond  berms  along  the  Mill-Willow  Bypass  would  have  to  be 
protected  against  overtopping  or  scour  from  certain 
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designated  floods.  The  Montana  Department  of  Natural 
Resources  and  Conservation  dam  safety  rules  indicate  that 
the  appropriate  requirements  for  flood  protection  are: 


Pond  No.  1 
Pond  No.  2 
Pond  No.  3 


29.300  cfs  (0.2  PMF ) 
44,000  cfs  (0.3  PMF) 

73.300  cfs  (0.5  PMF) 


A flood  modeling  program  (HEC-2)  was  run  to  determine  the 
flood  depths  at  various  places  along  the  existing  berm  under 
the  various  flood  scenarios.  The  model  indicated  the  follow- 
ing : 8 


The  berms  along  Pond  1 are  high  enough;,  to  avoid 
overtopping  by  0.2  PMF  flaw! 


The  north  half  of  the. -berm 

"^=1 & 


Pond  2 is  high 


enough  to  avoid  overtopping  by  a 0.3  PMF.  The 
south  half  of  this  berm, would-  have  to  be  raised  by 
as  much  as  5 feet , to  a\*o id  overtopping  during  a 
0.3  PMF  event  A 

The  northerly'^ ,500;:  feet  of  the  Pond  3 berm  would 


not  have,  to 
0 . 5 PMkJlpws. 


raised  to  protect  against  the 
The  remainder  of  the  berm  would 
have  to  be,  raised  by  as  much  as  8 feet  to  avoid 
overtopping  during  a 0.5  PMF  event. 


8 


CH2M  HILL,  1988. 
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COMPACTED 


o 


The  outside  of  the  berms  would  have  to  be  pro- 
tected against  scour  but  to  a lesser  extent  than 
for  Media-Specific  Action  1A.  The  lower  flood 
heights  and  slower  water  velocities  would  require 
less  riprap.  The  model  predicted  velocities  rang- 
ing from  10  to  18  feet  per  second.  Based  upon 
these  velocities,  preliminary  design  of  the  riprap 
indicated  that  5-  to  150-pound  rock  would  be  re- 
quired. Assuming  dumped  riprap,  the  required 
thickness  would  be  2 to  4 feet. 9 A filter  blan- 
ket or  geotextile  mat  between  the  .^riprap  and  the 
embankment  materials  would  also  be  required. 


Reconstruct  the  Mill-Willow  Bypass,  as  Necessary 


This  would  be  similar  to  the  re  cons  t rue t ion  required  by 
Media-Specific  Action  1A.  The  ^magnitude ii::of  reconstruction, 


iia-Specif ic  Action  1A 


however,  would  be  less  than  for 
because  the  pond  berms  would  not  ihave  to  be  raised  as  high. 
The  concept  would  still  be  to  reconstruct  the  bypass  where 
the  new  slopes  encroach  upon  the- bypass.  The  reconstruction 
would  be  designed1" ^ to::|:;pfbyide  "no  net  decrease  in  flow  capac- 
ity . 


Flood  Control  Berm  Along  East  Side  of  the  Ponds 


For  Media-Specific  Action  1-B,  a flood  control  berm  along 
the  east  side  of  the  ponds  is  not  required  to  protect  the 
ponds  from  overtopping  caused  by  floods  in  the  eastern  hills. 
The  reason  is  that  the  designated  floods  can  be  contained 


9 


Caltrans , 


1970. 
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within  the  existing  storage  volume  of  each  of  the  ponds  with- 
out modification.  If  the  assumption  is  made  that  the  flood 
volumes  will  be  reduced  by  the  same  percentage  as  the  flood 
peaks,  the  designated  floods  will  result  in  a rise  in  water 
surface  elevation  in  each  pond  (Table  7-3). 


Table  7-3 

WATER  SURFACE  RISE  IN  PONDS  FROM  FLOODS 


Pond  No. 

Pond  No.  1 
Pond  No.  2 
Pond  No.  3 


Designated 
Flood  Volume 
(ac-f t ) a 


440 

900 

500 


(0.2  PMF) 
(0.3  PMF) 
(0.5  PMF) 


Storage  Available 
within  Existing 
Berms  (ac-ft) 

2,000 

1,700 

3,000 


Approximate  Rise 
in  Water  Surface.. 
Elevation  ( ft.) 

1.6;/"  £ 

1 <:£ 

...0L  7/ 


Approximate  Total 
Available  Freeboard 
(ft) 

7 

4 

5 


aFlood  volumes  are  based  on  the  simplifying  assumption  that  the  volume;:. generated  can  be 
reduced  by  the  same  percentage  as  the  reduction  in  geak^f low..-h- 


None  of  the  designated  flood  volumes  froiftk.the  eastern  hills 
should  result  in  overtopping  of;  the,i;:pond  berms . It  should 
be  noted  that  capping  or  flop d ihg ;;,6 f t a i lings  in  Ponds  1 and 
2 to  isolate  the  tail ing s;  #oul d result  in  loss  of  some  of 
the  potential  storage  ■ydlume^sde^  Media -Specific  Actions  7 
and  8 for  details  of : capping  and  flooding  options) . Storage 
volume,  especially1"  iri'-P Pnd  should  be  evaluated  in  greater 
detail  during  t:he%design  phase  if  either  of  these  options  is 
chosen  for  isolating,, the  tailings  in  the  ponds. 


MEDIA-SPECIFIC  ACTION  2: 

STABILIZE /SOLIDIFY  POND  SEDIMENTS 

As  with  Media-Specific  Actions  1A,  IB,  and  3,  the  primary 
objective  of  Media-Specific  Action  2 is  to  protect  against 
loss  of  the  pond  sediments  during  major  flood  or  earthquake 
events.  This  would  be  accomplished  through  an  in-place 
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stabilization/ solidification  treatment  process  that  would 
immobilize  the  pond  sediments.  Additionally,  this 
technology  would  reduce  groundwater  contamination  caused  by 
the  leaching  of  contaminants  from  sediments.  In  situ  stabil- 
ization/solidification is  a relatively  new  technology  in  the 
U.S.,  although  it  has  been  used  extensively  in  Japan.  It  is 
currently  being  adapted  in  the  U.S.  to  neutralize  and/or 
stabilize  hazardous  material  in  contaminated  soil. 


The  descriptions  and  evaluations  presented  in  this  section  are 
based  on  the  Detoxifier™  process;  however,  other  in  situ 
mixing  devices  are  available.  The  Detoxifier\  is  a de- 
vice that  simultaneously  homogenizes  a warste  and:;, dispenses  treat- 
ment agents  into  the  waste;  it  would  be  capable  of  penetrating 
and  mixing  to  the  maximum  depths  of!  the  existing  pond  bottom 
sediments.  The  following  quotation  is%. taken  directly  from 
vendor  literature  describing  the1  device  and  its  use: 


It  consists  of  an  assembly  of  l- two  cutter /mixer  bits  con- 
nected to  separate ,rhollaw:  kelly  bars.  The  bits  over- 
lap and  rotate  iri%ppposite  directions , creating  a mix- 
ing area  of  approximately  40  square  feet.  The  rotating 
action  provides-^ for  simultaneous  cutting , mixing , ho- 
mogenizing, and  pulverizing  of  the  soil/waste  material . 
Treatment %gents  dari  be  conveyed  through  the  hollow 
kelly  bars  and  e j ected  through  feed  jets  to  the  mixing 
area . A rectangular  shroud  covers  the  mixing  area  to 
minimize  dust  generation.  Computer  monitor  sensors  are 
used  to  determine  and  adjust  penetration  depth,  auger- 
ing  rates,  and  chemical  feed  rates. 


Ponds  2 and  3 would  have  to  be  drained  slowly  over  the 
course  of  the  stabilization/ solidification  process.  The  mix- 
ing units  would  be  barge-mounted  and  the  solidification 
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would  be  done  at  the  water’s  edge,  with  the  deepest  areas  of 
the  ponds  being  stabilized/ solidified  last.  If  Pond  1 were 
stabilized,  the  mixing  units  would  likely  be  track-mounted 
because  the  majority  of  Pond  1 is  already  drained  and  able 
to  support  the  equipment. 

Three  phases  of  work  would  be  required  for  in  situ  stabili- 
zation/solidification of  pond  bottom  sediments.  In  Phase  1, 
chemicals  would  be  mixed  with  the  sediments  to  immobilize 
metals.  Phase  1 would  be  accomplished  in  two  steps:  first, 

an  acidified  ferrous  sulfate  solution  would  be:  mixed  into 
the  sediments  to  precipitate  metals;  and  second , calcium 
hydroxide  would  be  blended  with  the  sediments\td  raise  the 
pH.  In  Phase  2,  a 5 percent  pozzo Ionic  cement  woiild  be 
added  to  solidify  the  sediments.  In,  Phase  3,  a vegetated 
soil  cover  would  be  placed  over  .-the  site^upon  completion  of 
the  stabilization/ solidification  operations  and  appropriate 
site  grading  and  preparation. 

Each  Detoxif ier™  could/ process  pond  bottom  sediments 

at  a rate  of  up  to  50  cubic  yards  per  hour.  Assuming  that 

four  Detoxif  ier  si?  were  used,  for  24  hours  a day, 

6 days  a week,  Citkwouldl  flake  approximately  14  years  to 
solidify  the  19  ifiillion  cubic  yards  of  sediments  in  Ponds  1 , 
2,  and  3.  Actual  time-  and  reagent  requirements  would  need 
to  be  determined  by  pilot  tests  during  the  design  phase. 

The  reliability  of  current  technology  for  in  situ  stabiliza- 
tion of  metals  in  soil  is  not  well  proven.  Several  full- 
scale  prototype  projects  have  been  attempted  in  the  United 
States,  with  varying  degrees  of  success.  Verification  of 
complete  mixing  and  stabilization  is  difficult  for  any  in 
situ  operation. 
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For  these  reasons,  bench-scale  and  pilot  treatability  stud- 
ies would  be  required  during  the  design  phase  to  determine 
if  the  technology  can  be  used  on  the  pond  bottom  sediments 
and  meet  the  remedial  action  treatment  objectives  (see  Chap- 
ter 5).  The  design-phase  studies  would  also  determine  more 
precisely  the  amounts  and  types  of  reagents,  and  the  sequenc 
ing  and  mixing  times  necessary  to  ensure  satisfactory  stabi- 
lization and  solidification. 


This  media-specific  action  would  also  include  solidification 
of  all  the  tailings  deposits  and  contaminated /Soils  after 
they  were  excavated  and  moved  to  one  of  the..; ponds . The 
excavation  and  movement  of  the  tailings  deposits/ and  contami 
nated  soils  is  addressed  under  Media-Specific  Action  10. 


As  noted  previously,  in  situ  stabilization/ solidification 
would  make  the  existing  treatment  ponds  no  longer  usable  for 
treating  the  contaminated  f lows\in  the:  .creeks . A new  pond 
would  have  to  be  constructed  to  continue  to  provide  metals 
removal  for  the  Mill,  # il low,  Silve r Bow  Creeks  system,  at 
least  until  the  upstream  sources  of  the  contaminants  are  con 
trolled  or  removed:.*::;:::::::-This  hew  pond  is  addressed  in  Media- 
Specific  ActioiL  5%.. 


MEDIA-SPECIFIC  ACTION  3: 
STABILIZE  POND  BERMS  TO  WITHSTAND 
A MAXIMUM  CREDIBLE  EARTHQUAKE 


Preliminary  geotechnical  investigations  indicate  that  the 
existing  dikes  containing  the  ponds  would  be  unstable  in 
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many  locations  during  a major  seismic  event. ^ From  exist- 
ing embankment  cross  section  and  seismic  data,H  a concep- 
tual level  stability  analysis  was  performed  on  the  pond 
dikes  to  determine  what  corrective  measures  would  be  suit- 
able for  stabilizing  them.  That  analysis  indicated  that  the 
dike  crest  would  have  to  be  widened  and  the  downstream 
slopes  of  the  dikes  would  have  to  be  flattened  to  approxi- 
mately a 2.5:1  slope  to  provide  a factor  of  safety  greater 
than  1.0  during  a maximum  credible  earthquake. 

The  embankment  cross  sections  indicate  the  dikds  appear  to 
be  founded  on  a medium-dense  to  dense  alluvial,  sand  and 
gravel  deposit.  However,  since  construction  of  the  dikes, 
the  downstream  toes  of  the  dikes  have  been  covered  with 
loose  sediments  and  tailings,  particularly  the  downstream 
toes  of  the  dikes  for  Ponds  2 and  3 . The:,  construction  of 
the  2.5:1  downstream  slope  would:,;;;^tBeref bre , require  the 
removal  of  the  soft  sediments  until  dense  foundation  materi- 
als are  reached.  In  the  development  of  this  media- specif ic 
action  for  the  pond  bottom  sediments,  the  downstream  toe  was 
assumed  to  be  excavated  to  dense-  foundation  materials  and 
the  downstream  sTope:::::re  const  rue  t e d at  a 2.5:1  slope  using  an 
imported,  free -draining!  granular  material. 

Most  of  the  we s t e rri-d ike s paralleling  the  Mill-Willow  Bypass 
would  have  to  be  raised  as  part  of  the  flood  prevention  meas- 
ures to  protect  against  floods  (see  Media-Specific  Action  1A 
and  Media-Specific  Action  IB) . The  raising  of  the  dikes 
would  be  made  with  2.5:1  downstream  slopes  to  satisfy  the 


10 

11 


IECO,  1981. 
Ibid. 
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seismic  stability  requirements.  In  those  areas  where  the 
western  dikes  do  not  need  to  be  raised  for  flood  protection, 
the  downstream  slopes  would  be  flattened  to  2.5:1  for  seis- 
mic stability. 

Additional  studies  will  have  to  be  conducted  during  the 
design  phase  to  more  accurately  define  the  dike  geometry, 
the  embankment  properties,  and  the  characteristics  of  the 
maximum  credible  earthquake. 

The  upstream  slopes  of  the  existing  dikes  were1"  not  evaluated 
in  this  feasibility  study  because  no  data  were  available 
that  described  the  geometry  and  construction  of  Che  upstream 
slope  or  the  depth  and  nature  of  the  tailings  covering  the 
upstream  slopes.  The  stability  of  theMipstream  slopes,  par- 
ticularly during  a maximum  credible  earthquake,  should  also 
be  evaluated  during  the  d e s i gnXphas e ; : : In,,:  addition,  a site- 
specific  seismic  evaluation  shohXd  be "conducted  during  the 
design  phase  to  determine  the  maximum  credible  earthquake 
and  its  corresponding  ^ite  acceleration,  and  to  determine 
the  potential  for  seismic ally- created  water  waves. 

\HEDIA-SPECIFIC  ACTION  4 : 

REMOVE  AND  DISPOSE  OF  CONTAMINATED  SURFACE  SOILS 
FROM  ALONG  THE  MILL-WILLOW  BYPASS 

Media-Specific  Action  4 is  developed  to  achieve  compliance 
with  Montana  water  quality  standards  currently  violated  by 
the  formation  of  the  soluble  metal  salts  along  the  Mill- 
Willow  Bypass  that  cause  the  fishkills,  and  to  reduce  the 
potential  for  human  exposure  to  the  surface  contamination. 
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This  would  be  accomplished  by  excavating  and  removing  the 
contaminated  tailings  and  soils  along  the  bypass. 


Approximately  76,000  cubic  yards  of  tailings  deposits 
and  130,000  cubic  yards  of  contaminated  soil  would  have  to 
be  removed.  These  tailing  deposits  and  contaminated  soils 
were  identified  and  mapped  as  part  of  the  Phase  II  RI 
Study. 12  Areas  containing  the  tailings  are  shown  in 
Figure  ES-1. 


Two  options  are  being  considered  for  disposal/Of  the  tail- 
ings and  contaminated  soils: 


Transportation  to  an  of f site.  RCRA  treatment , stor- 
age, and  disposal  facility  fTSDF) 

Transportation  to  an \onsite ..noh^RCRA  disposal  fa- 
cility (Pond  1,  2,  or prior:- to  solidification  or 
capping)  1 \ C 

The  two  disposal  options-, are  discussed  in  detail  under  Media- 
Specific  Act  ions- -and. 


MEDIA-SPECIFIC  ACTION  5: 

IMPROVE  THE  POND  TREATMENT  SYSTEM 

Media-Specific  Action  5 was  developed  to  represent  the  vari- 
ous approaches  that  could  be  implemented  to  reduce  the 


17 

CH2M  HILL,  1989.  Phase  II  Remedial  Investigation  Data  Summary.  Prepared  for  the 
State  of  Montana  Department  of  Health  and  Environmental  Sciences,  Helena,  Montana. 
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metals  loads  in  surface  water  of  the  Mill-Willow  Bypass  at 
the  compliance  point. 

Three  different  approaches  were  developed: 

o Media-Specific  Action  5A.  This  approach  includes 
the  complete  range  of  techniques  identified  to 
improve  the  capacity  and  reliability  of  the  exist- 
ing treatment  system.  It  would  provide  the  great- 
est improvement,  among  the  three  approaches,  in 
the  quality  of  the  water  discharged/to  the  Clark 
Fork  River. 

o Media-Specific  Action  5B.  This  is  a less  com- 
prehensive approach  to  improving  the  existing 
treatment  system.  It  includes  a subset  of  the 
techniques  identified  in  Media -Specific  Action  5A 
and  was  developed  to  provide- -a  range  of  options. 

It  would  provide  some  Improvement  in  the  quality 
of  the  water:''  discharged  :to  the  Clark  Fork  River 
but  not  as, .great  an  improvement  as  Media -Specific 
Actiorv^Av^:,  '\  \ 

o Media-Specif.i!c/Action  5C . This  approach  was  devel 
oped  to  address  the  need  for  continuing  treatment 
if  the  existing  pond  system  is  taken  out  of  serv- 
ice. As  noted  in  Media-Specific  Action  2,  Pond  3 
and  Pond  2 would  have  to  be  taken  out  of  service 
if  the  stabilization/ solidification  option  is  im- 
plemented. This  would  require  development  of  an 
alternative  means  to  continue  to  treat  the  flows 
in  Mill,  Willow,  and  Silver  Bow  Creeks.  One  alter 
native  treatment  method  would  be  to  construct  a 
new  pond.  There  is  space  available  upstream 
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(south)  of  the  wetted  area  of  Pond  3 to  develop  a 
new  treatment  pond. 

Each  of  these  approaches  is  developed  in  detail  in  the  fol- 
lowing sections. 

MEDIA-SPECIFIC  ACTION  5A:  OVERALL  UPGRADE  OF  THE  POND 
TREATMENT  SYSTEM 


Media-Specific  Action  5A  includes  a broad  range  of  measures 
to  improve  the  treatment  efficiency  and  capacity  of  the 
existing  pond  system.  The  goal  of  this  media- specific 
action  is  to  improve  the  efficiency  and  Capacity  (maximum 
allowable  flow  rate)  of  the  treatment  system,  and:  to  provide 
a more  flexible  system  whose  operation^ can  be  optimized  in 
practice. 

The  design  maximum  flow  rate  for  Pohd::i::3-  as  part  of  this 
Media-Specific  Action  is  set  at  600  cf s . 13  * 


The  envisioned  modifications  should , once  operation  is  opti- 
mized , achieve  compliance  with  ARARs  for  surface  water  on  a 
consistent  bas  if  The  measures  to  improve  efficiency 

and  capacity  are  :\ 


o Divert  Mill  and  Willow  Creeks  into  Pond  3 

o Modify  the  inlet  structure  to  Pond  3 

13 

This  flow  rate  corresponds  to  the  maximum  flow  rate  calculated  to  prevent  pond 
bottom  scour  at  the  existing  outlet  structures  and  through  a 1,000-foot  berm  opening.  It 
also  represents  the  maximum  flow  to  achieve  an  approximately  2 -day  retention  time  in  the 
pond.  During  the  design  stage  of  remediation  the  maximum  flow  rate  could  be  adjusted 
assuming  scour  and  retention  time  effects  are  considered. 

^ Further  discussion  of  ARARs  compliance  of  this,  and  all  the  other  media-specific 
actions,  is  provided  in  Chapter  8. 
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o 


Channelize  Silver  Bow  Creek  within  the  dry  areas 
of  Pond  3 


o Improve  the  lime  addition  system 
o Add  a berm  across  Pond  3 

o Construct  a new  effluent  structure  for  Pond  3 


Remove  Pond  2 from  the  treatment  system 


These  measures  are  shown  in  Figure  7-3  a 
detail  in  the  following  subsections. 

Diversion  of  Mill  and  Willow  Creeks 


discussed  in 


Currently,  only  water  from  Silver- Bow  Creek  is  treated  in 
the  pond  system.  This  is  because , ./hi sro r i c a 1 ly , Silver  Bow 
Creek,  which  received  mining  and  "milling  wastes  until  the 
mid-1970s,  has  cont  a ine  d highe  r : met  a 1 loadings  than  either 
Mill  or  Willow  Creeks,  However^  a review  of  recent  data 
indicates  that  Mill  :::::and; -W ill ow  Creek  flows  entering  the  Mill 
Willow  Bypass , %hile  not  as  contaminated  as  Silver  Bow 
Creek,  have  an  average-copper  concentration  of  31  ug/1, 
which  is  in  exceed ahp e:  o f the  chronic  aquatic  water  quality 
standard  for  copper  (12  ug/1). Because  this  loading  cur- 
rently passes  untreated  through  the  operable  unit  (i.e.,  it 
does  not  flow  through  the  ponds),  the  copper  standards  often 
are  not  met  at  the  compliance  point.  Under  average  condi- 
tions, the  untreated  bypass  flow  makes  up  approximately  20 
to  50  percent  (on  a mass-load  basis)  of  the  metals  contamina 
tion  flowing  out  of  the  operable  unit  into  the  Clark  Fork 


15 


CH2M  HILL,  1989. 
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River.  This  is  shown  in  Table  7-4.  Consequently,  to  rou- 
tinely meet  the  water  quality  standards  for  aquatic  life  and 
public  health  protection  at  the  compliance  point,  it  would 
be  necessary  to  divert  the  flow  from  the  Mill-Willow  Bypass 
into  Pond  3 for  treatment. 


Table  7-4 

AVERACE  METALS  LOADING  IN  THE  MILL-WILLOW  BYPASS 


Flow 


Rate 

Arsenic 

Cone . 

Cadmium 

Cone . 

Copper  Cone. 

Lead  Cone. 

Zinc  Cone. 

Location 

(us/l)3 

Z Lb 

Z L 

(ur/1)  7.  L 

I’ue/l)  Z L 

(ug/l> 

7.  L 

Flow  into  the 
operable  unit 

27 

26 

34 

0.1 

3 

31  6 

1 3 

45 

4 

At  Pond  2 
discharge 

33 

22 

55 

0.  1 

23 

37  18 

2 23 

72 

22 

Chronic  water 
quality  standard0  -- 

1.1 

4 

::  12  ' -- 

3.2 

110 

__ 

^Concentration  in  ug/1 
^Weight  as  percent  of  total  loading 
cAt  a hardness  of  100  rag/1 
Source:  CH2M  HILL,  1989. 


A dike  to  direct  the  bypass  flow  into  Silver  Bow  Creek  would 
be  built  east  of  the  freeway,  upstream  of  the  Pond  3 inlet 
structure,  and  would  include  a spillway  and  a fuse  plug.  It 
would  divert  flows  from  Mill  and  Willow  Creeks  into  the 
Silver  Bow  Creek,  channel  from  which  they  would  flow  into 
Pond  3.  The  Mill-Willow  Bypass  would,  under  average  flow 
conditions,  be  dry  from  the  diversion  point  to  the  Pond  3 


outlet . 


Modify  the  Inlet  Structure  to  Pond  3 

Because  the  existing  inlet  structure  to  Pond  3 has  no  trash- 
rack,  it  frequently  plugs  with  trash,  causing  it  to  operate 
below  its  design  capacity  of  700  cfs.  Plugging  occurred  at 
least  twice  in  the  time  period  1985  to  1987.  Trash  plugging 
has  caused  premature  failure  of  the  system’s  fuse  plug,  al- 
lowing all  of  the  flow  from  Silver  Bow  Creek  to  flow  into 
the  Mill-Willow  Bypass  without  treatment  until  the  fuse  plug 
can  be  reconstructed. 
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Several  modifications  would  be  made  to  the  inlet  structure 
to  improve  its  hydraulic  capacity  and  efficiency  of  opera- 


tion: 

o 

Addition  of  a Trashrack--A  trashrack  would  be 
added  upstream  of  the  existing  inlet  structure. 

It  would  be  constructed  with  wide  spacing  between 
the  bars  (4  to  6 inches).  Also,  it  would  be  con- 
structed at  a relatively  flat  angle  (no  steeper 
than  45  degrees)  to  allow  floating  debris  to  ride 
up  the  trashrack  and  still  allow  flows  through  the 
rack.  Maintenance  would  be  necessary  to  keep  the 
trashrack  operating  at  full  capacity.  \ 

o 

Addition  of  an  Overflow  Wdif~-A  concrete  overflow 
weir  would  be  constructed  t deregulate  flows.  The 
maximum  flow  at  which  Poud  3,, can  provide  effective 
treatment  without,  the \p o s sibil i t y of  scour  at  the 
outlet  structures^ is  approximately  600  cfs,  which 
is  approximately  a 2-year  recurrence  interval 
flood.  During1  ::f lows  up  to  600  cfs,  the  overflow 
weir  wt>uld:: ::di re c fc,  water  through  the  trashrack  and 
into%Pdud  3.  1 If  flows  exceed  600  cfs,  or  if  the 
trashrlcklbecpmes  plugged,  the  excess  would  spill 
over  the  "dyer flow  weir  and  continue  down  the  Mill- 
Willow  Bypass.  The  weir  would  be  approximately 
350  feet  long  and  would  be  designed  to  pass  up  to 
the  100-year  flood  in  Silver  Bow,  Mill,  and  Willow 
Creeks  (4,900  cfs). 16 

o 

Relocation  of  the  Fuse  Plug--The  fuse  plug  would 
be  relocated  to  the  west  end  of  the  overflow  weir 

^ The  100-year  flood  on  Silver  Bow  Creek  alone  is  4,000  cfs.  The  100-year  flood  for 
the  combined  flows  of  Mill,  Willow,  and  Silver  Bow  Creeks  is  4,900  cfs. 
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and  designed  to  wash  out  if  the  combined  Silver 
Bow,  Mill,  and  Willow  flows  exceed  the  100-year 
event  (4 , 900  cf s) . 

These  modifications  to  the  inlet  structure  are  shown  in  Fig- 
ure 7-4. 

Channelization  of  Silver  Bow  Creek 

Influent  to  Pond  3 passes  through  the  inlet  structure  approx 
imately  8,000  feet  (1-1/2  miles)  upstream  of"  the  pond  water 
surface.  Flow  from  the  inlet  structure  to  the  pond  cur- 
rently follows  a natural  channel  through^deposihed  tailings. 
To  better  control  the  direction  of  the-  flow  and  'cd  limit 
interaction  with  tailings  deposits , "the  flow  would  be  cha- 
nnelized in  a riprap-lined  earthen  channel  from  the  inlet 
structure  to  the  lime  add  it  ion\f  facility .%  Downstream  from 
the  lime  addition  facility,  the\channe:l  would  be  concrete 
lined  to  minimize  lime  sludge  deposition.  The  old  channel 
would  be  abandoned  and  the  new  channel  would  parallel  the 
existing  western  berm;  of^Pond  5Vr  The  new  channel  would  have 
a maximum  design  "capacity  df "approximately  600  cf s--a  2-year 
recurrence  intdpfral  f ldod.  The  new  channel  is  shown  in  Fig- 
ure 7-3.  V\,  ,// 

Improve  the  Lime  Addition  System 

Metals  removal  in  Pond  3 occurs  through  three  separate  and 
distinctly  different  actions:  the  formation  and  precipita- 

tion of  metals  hydroxides  under  alkaline  conditions;  biologi 
cal  processes  including  uptake,  complexation,  and  calcite 
coprecipitation;  and  the  settling  of  suspended  solids  under 
quiescent  conditions.  Unlike  most  typical  treatment 
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systems,  which  rely  on  only  one  of  these  processes,  the  ex- 
isting pond  system  uses  all  three  processes  to  remove  the 
metals . 

For  effective  formation  and  precipitation  of  metal  hydrox- 
ides to  take  place,  pH  values  greater  than  8.5  are  typically 
necessary  in  treatment  ponds.  The  high  pH  values  result  in 
precipitation  of  dissolved  metals  as  hydroxides.  During  the 
late  spring  and  through  summer  (June  through  September) , the 
pH  in  Pond  3 appears  to  cycle  between  8 and  9,5. -*-7  This 
is  apparently  due  to  natural  biological  activity,  and  lime 
addition  frequently  is  not  necessary  during  this  period. 
However,  during  the  winter  months,  the  pH  of  the  influent 
typically  drops  to  below  8.  For  adequate  treatment  to  occur 
between  October  and  May,  lime  wouldSbek added  to  the  pond 
influent  to  raise  the  pH  in  th^systeiik,  %Lime  would  also  be 
added  from  June  through  Sept emb e d s ,iie ce S s a ry , to  maintain 
a pH  of  around  9. 

A target  pH  of  9 was  selected based  on  data  obtained  from 
laboratory  treatability  studiesNionducted  on  Pond  3 influent 
water,  and  bee  ause;,-:±t).;:::  rep  res  ent  s the  upper  aquatic  water 
quality  standard  •■if  or  pH;.  | Treatability  data  were  also  ob- 
tained for  lime  treatment  of  influent  water  to  pH  levels  of 
8.5,  10,  and  11,  arid,  for  lime-sulfide  treatment  of  influent 
water  at  pH  levels  of  9 and  11. 18  if  metal  removal  rates 
are  found  to  be  insufficient  using  lime  addition  to  a pH  of 
9,  the  use  of  additional  lime  or  lime-sulfide  would  be  possi- 
ble. If  it  becomes  necessary  to  operate  at  pH  levels  higher 


^ MultiTech,  1987.  Silver  Bow  Creek  Remedial  Investigation  Final  Report.  Submitted 
to  Montana  Department  of  Health  and  Environmental  Sciences,  Helena,  Montana. 

^ For  results,  see  CH2M  HILL,  1989. 
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than  9,  it  may  be  necessary  to  provide  pH  adjustment  prior 
to  discharge.  The  need  for  pH  adjustment  will  be  studied 
during  the  design  phase. 


The  biological  processes  important  in  reducing  metals  concen- 
trations in  the  pond  system  were  not  studied  in  detail  dur- 
ing the  remedial  investigation.  But,  based  on  established 
understanding  of  how  metals  treatment  ponds  typically  work, 
they  likely  include  bio-uptake  and  calcite  coprecipitation. 
Both  of  these  processes,  while  varying  in  their  degrees  of 
importance,  would  result  in  a further  reduction  of  metals 
concentrations  in  the  pond  system  beyond  that  provided  by 
metal  hydroxide  precipitation  due  to  elevated  pH « 


Copper  and  zinc  are  both  micro nutr ien t;s;;::r equ i red  by  vir- 
tually all  of  the  plant  and  animal  lift  in  the  ponds . 19 
Some  uptake  is,  therefore,  necessary  andHcan  be  expected. 
However,  the  amount  of  the  trace  metals.-  needed  by  the  pond 
life  is  typically  very  small  :jcompared  to  the  average  concen- 
trations in  the  treatment  ponds>=;:  and  increasing  the  concen- 
trations of  mic r onutrieht s ds  not  thought  to  have  any  bear- 
ing on  actual  mabhboldc'^reqpirements  . 20  Consequently,  bio- 
uptake is  not  expected  to  be  a maj or  sink  for  the  metals  in 
the  ponds.  "\ 


Calcite  coprecipitation  is  more  likely  to  be  a major  driving 
force  for  metals  removal  during  the  summer  months.  Littoral 
flora  and  phytoplankton  utilization  of  CO2  in  the  photosyn- 
thesis process  in  the  pond  results  in  the  formation  of 


IQ 

■*~7  Wetzel,  R.G.,  1983.  Limnology . 2nd  Edition,  CBS  College  Publishing,  San 
Francisco,  California. 


20 


Ibid. 
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carbonate  (C032-).21  Because  of  the  high  bioactivity 
noted  in  the  pond  during  the  spring  and  summer,  this  process 
would  result  in  the  formation  of  large  quantities  of  carbon- 
ate in  Pond  3.  Since  the  solubility  of  carbonate  compounds 
is  typically  low,  the  carbonate  rapidly  complexes  with  avail- 
able calcium  and  other  metals  and  precipitates.  While  cal- 
cium is  the  most  typical  element  complexed  and  precipitated, 
the  large  concentrations  of  copper  and  zinc  in  the  ponds 
would  also  be  precipitated. 


This  process  also  results  in  the  diurnal  pH  -shift  seen  in 
the  ponds.  The  pH  in  the  ponds  rises  during  the  day  due  to 
photosynthetic  use  of  CO2  (a  weak  acid)"  and  the  formation  of 
CO32-  (a  strong  base).  At  night,  the  .reverse  process  occurs 
as  photosynthesis  slows  and  respiration/ (a  CC>2-producing  pro- 
cess) becomes  primary.  Consequently , metals  precipitated 
during  the  day  would  be  s omewha t - re diss o lye d during  the 
night.  However,  because  the  pohd\ system  appears  to  be  a 
well-buffered,  hard  water  system ^2 2 the  amount  of  metal 
carbonates  precipitated  -during  the:  day  should  far  exceed  the 
amount  resuspended  j&urirfg.  the  night  with  the  system  acting 
as  a carbonate -precipitation*;!!  metal  sink. 


Effective  settling  of  the  metal  hydroxides , dead  algae , 
metal  carbonates,  and  suspended  solids  requires  quiescent 
conditions  in  the  pond  and  sufficient  settling  time.  Typi- 


cal detention  times  in  metals  treatment  ponds  tend  to  be 
between  2 and  25  days. 23  Calculated  detention  times  for 


21 


Wetzel,  1983. 


22 


MultiTech,  1987. 
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Pond  3 fall  within  this  range.  The  detention  time  for  aver- 
age design  flow  (Mill,  Willow,  and  Silver  Bow  Creeks  com- 
bined: 100  cfs)  is  20  days,  and  for  maximum  flow  (600  cfs) 

is  3 days.  The  formation  of  calcite  coprecipitates  is 
probably  also  enhanced  by  quiescent  conditions  but  can  occur 
in  algal  mats  under  flowing  or  slowly  moving  water. 

The  settling  of  metal  hydroxides,  calcite  coprecipitates, 
and  suspended  solids  in  Pond  3 results  in  the  formation  of 
sludges  in  the  pond.  The  hydroxide  sludge  generation  rate 
was  measured  during  the  treatability  studies" .(Phase  II  RI 
Report,  1989)  using  Pond  3 influent.  Treatment  of  the 
Pond  3 influent  to  a pH  of  9 in  the  laboratory  resulted  in 
the  formation  of  approximately  0 . 66  ml.  of  .sludge  per  liter 
of  water  treated.  Assuming  lime  treatment  for  two-thirds  of 
the  year  at  an  average  flow  rate-of  1 00  of s , roughly 
47,000  cubic  yards  of  hydroxide  sludge  would  be  generated 
each  year.  Sludge  generation  rates  for/ the  other  sludge- 
producing  processes  were  estimated fusing  influent  and  efflu- 
ent concentrations  and!:’.  typical  hiodeposition  rates.  The 
estimated  contribution  of  these:;?;:6ther  processes  to  sludge 
generation  rate s-i:is:::: le s s:  than  2,000  cubic  yards  per  year. 

Assuming  that  a 3% f o:o t-  av e r a g e minimum  depth  would  be  needed 
in  Pond  3 to  provide,  adequate  treatment,  the  total  volume 
available  for  sludge  storage  would  be  roughly  4 million 
cubic  yards.  Accordingly,  using  these  calculations,  Pond  3 
would  fill  with  hydroxide  sludge  (to  a 3-foot  average  depth) 
in  approximately  80  years.  As  the  pond  filled  to  near  this 
depth,  the  maximum  flow  allowed  through  the  pond  would  have 
to  be  decreased.  The  significance  of  the  useful  life  of 
Pond  3 is  discussed  further  in  Chapter  8 as  part  of  the 


4 


detailed  analyses. 24  The  same  calculations  done  for 
treatment  using  lime  addition  to  a pH  of  11,  which  generates 
a substantially  greater  quantity  of  sludge,  indicate  that 
the  pond  would  fill  in  less  than  10  years.  Once  Pond  3 is 
filled  with  sludge,  a new  treatment  pond  would  be  needed  if 
the  flows  in  Mill,  Willow,  and/or  Silver  Bow  Creeks  still 
required  treatment.  Media-Specific  Action  5C  discusses 
development  of  a new  pond. 


Lime  addition  would  take  place  along  the  lined  channel,  ap- 
proximately 2,000  feet  from  the  discharge  into  Pond  3,  as 
shown  in  Figure  7-3.  Following  the  addition  bf  lime  to  the 
system,  the  influent  would  flow  the  final"  distance  to  Pond  3 
in  a channel  designed  to  maintain  flow  velocity  :: above  2 feet 
per  second.  This  would  allow  for  a\ldw::to  15 -minute  mixing 
and  dissolution  period  at  average,  design lows  before  the 
water  enters  the  pond.  This  period  would:  provide  additional 
mixing  and  help  to  prevent  settling  of^.lime  and/or  metal 
hydroxides  in  the  channel  above  the  pond.  The  lime  addition 
structure  would  be  designed  to  provide  an  initial  rapid  mix 
of  the  influent  immediately  after  the  addition  of  the  li: 
to  ensure  c< 


.ime 


e: 


Lime  would  be  fed\to;  the,  pond  system  influent  using  a con- 
tinuous feed  lime  slaking  system.  Conceptually,  the  system 
would  consist  of  a cylindrical  lime  storage  silo  with  a 
conical-shaped  bottom,  a gravimetric  lime  metering  unit,  and 
a detention-type  lime  slaker.  In  the  slaking  process,  quick- 
lime is  mixed  with  water  in  a predetermined  ratio  to  produce 
a lime  paste  or  slurry.  The  slurry  is  detained  in  the 
slaker,  during  which  time  grit  is  removed.  The  slurry  is 
diluted  further  to  the  desired  concentration  and  is  then 


24 


MultiTech,  1987. 
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released  into  the  receiving  stream.  To  provide  a factor  of 
safety  in  the  case  of  system  breakdown  and  to  allow  lime 
addition  to  continue  during  maintenance,  a 100  percent  redun- 
dant lime  addition  system  is  assumed  in  this  feasibility 
study.  Final  process  design  and  equipment  selection  would 
be  performed  during  the  design  phase. 

The  lime  is  expected  to  be  delivered  to  the  site  via  tanker 
truck.  The  infrastructure  to  the  lime  addition  point  would 
require  upgrading  to  allow  for  adequate  lime  delivery. 

Following  lime  addition,  the  water  would  enter  the  wet  por- 
tion of  Pond  3 through  a discharge  structure . The  structure 
would  be  designed  to  spread  and  slow  the  water  carried  in 
the  channel  as  it  reaches  Pond  3.  At  "average  design  flow, 
the  structure  will  slow  the  velocity  of;  the  water  as  it 
enters  Pond  3 to  less  than  0 . 5 :\f cet  per  second  to  minimize 
scour.  A conceptual  design  of  the  structure  is  shown  in  Fig- 
ure 7-5.  % \ C 

Berm  Across  Pond  3 

The  settling  c ha  ha  c t e r i:s  hi  c s in  Pond  3 could  be  improved  by 
adding  a berm  across,  the --pond  in  a northwestern  to  south- 
eastern direction,  "parallel  to  the  eastern  part  of  the  north- 
ern berm  (see  Figure  7-3).  This  would  effectively  split  the 
pond  into  two  treatment  cells,  thus  increasing  the  amount  of 
the  pond  used  for  treatment  and  helping  to  prevent  short- 
circuiting.  The  berm  would  also  reduce  the  open  surface 
area  of  the  pond,  thereby  reducing  wind  effects  on  the 
pond’s  water  and  sediment.  The  berm,  which  would  be  built 
with  approximately  2.5:1  sideslopes,  would  rise  approxi- 
mately 4 to  5 feet  above  the  water  level  in  the  pond.  It 


would  stop  approximately  1,000  feet  from  the  eastern  edge  of 
the  pond  to  provide  a channel  for  flow  around  the  berm.  The 
channel  is  sized  to  promote  nonturbulent  flow  around  the 
berm  to  limit  the  disturbance  of  settled  sludge  in  the  area 
of  the  constriction. 


Improved  Effluent  Structure 


Effluent  would  be  discharged  from  Pond  3 from  one  primary 
and  several  secondary  locations.  The  main  discharge  would 
be  from  a new  effluent  structure  constructed  at  the  north- 
western corner  of  the  pond.  Secondary  discharges  would  flow 
into  the  wildlife  ponds  and  provide  minimum  flow  into  Pond  2 
to  maintain  water  levels  and  avoid  stagnation.  The  two  cur- 
rent discharge  structures  would  no  longer  be  used. 


The  new  outlet  structure  would  allow  discharge  directly  from 
Pond  3 to  the  Mill-Willow  Bypass  .\/::(:Pbnd  2 would  no  longer 
be  used  for  treatment;  see  discussion  below.)  The  discharge 
point  would  be  located",  out  in  the  pond  to  minimize  approach 
velocities  and  sediment  scour.  i:'  It  would  have  approximately 
150  linear  feet  of-ef f ective  weir  length  and  would  utilize 
downward  opening  weir  gates  for  ease  of  operation.  Its  pro- 
posed location  il^shpwn  in  Figure  7-6 . A conceptual  design 
for  such  a structure  is  presented  in  Figures  7-7  and  7-8 . 

The  flow  would  be  directed  to  the  bypass  through  a series  of 
reinforced  concrete  pipes  to  be  constructed  beneath  the  west- 
ern berm.  The  structure  would  discharge  through  energy  dis- 
sipation structures  into  the  bypass. 


Temporary  cofferdams  would  be  constructed  in  Pond  3 to  fa- 
cilitate construction  of  the  outlet  structure.  They  would 
be  constructed  by  pushing  gravels  out  into  the  pond  from  one 
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of  the  berms.  The  cofferdams  would  likely  require  clamshell 
or  dragline  excavators  for  removal.  The  removed  cofferdam 
materials  could  be  used  in  construction  of  the  berm  across 
the  pond. 

A fraction  of  the  effluent  would  be  discharged  to  the  exist- 
ing wildlife  ponds  in  a continuation  of  the  current  practice. 
This  water,  which  is  used  to  maintain  a minimal  flow  through 
the  wildlife  ponds,  is  currently  fed  to  the  wildlife  ponds 
through  siphons  that  carry  it  from  Pond  3 over  the  Pond  3 
berm  and  into  the  respective  ponds.  A buried  pipe  system 
would  replace  the  siphons  to  provide  more  reliable  opera- 
tion, especially  during  the  winter.  Water  would:,  flow  from 
Pond  3,  as  necessary,  to  maintain  the  current  flow  through 
the  wildlife  ponds. 

Remove  Pond  2 from  the  Treatment  System  \ 

Pond  2,  which  current ly/r eee dive s \md s t of  the  flow  from 
Pond  3,  would  no  longed:  jbe  .hsedSah  part  of  this  alternative. 
Based  on  a review  o;£::;:pohd  bottom  elevations,  the  average 
depth  of  Pond  2 ,£  s-^'les  s\tb:an  :;;:2  feet.  25  Only  at  the  exit 
to  the  pond  does ^ he  whter  depth  exceed  5 feet . Conse- 
quently, it  can  be  assumed  that  most  of  the  sludge  storage 
capacity  of  the  pond  has  been  exhausted.  In  addition,  the 
calculated  detention  time  in  Pond  2 for  average  flows  is 
3 days,  much  less  than  the  time  typically  necessary  for 
adequate  settling.  The  lack  of  sludge  capacity  and  adequate 
detention  time  is  evident  during  periods  of  high  flow  when 
effluent  metals  concentrations  have  been  found  to  be  greater 


25 


CH2M  HILL,  1989. 
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than  the  concentrations  in  the  influent.  Thus,  the  shallow 
depth  of  Pond  2 limits  the  maximum  flow  that  can  be  routed 
through  the  system  as  currently  configured. 

Because  Pond  2 would  no  longer  be  used  to  provide  treatment, 
the  two  effluent  discharge  structures  from  Pond  3 that  cur- 
rently feed  Pond  2 would  be  removed  from  service.  A limited 
amount  of  water  from  Pond  3 would  be  continuously  discharged 
into  Pond  2 in  order  to  maintain  the  current  water  level  of 
the  pond  and  prevent  salt  buildup  in  the  pond,  A buried 
pipe  discharge  system  would  be  installed  tq/diS charge  the 
water  from  Pond  3 to  Pond  2.  The  small  flow  of  water  from 
Pond  2 would  be  discharged  directly  intblthe  Mill-Willow 
Bypass.  Ju:. 

MEDIA-SPECIFIC  ACTION  5B:  LESS ^COMPREHENSIVE  UPGRADE  OF 
THE  POND  TREATMENT  SYSTEM 

Media-Specific  Action  5 B would  be.  similar  to  Media-Specific 
Action  5A  in  that  it  would  improve  the  overall  treatment  of 
the  Pond  3 system.  .-Jit  would  be  4 scaled-back  version  of 
Media-Specific  A.et±oh^:5A  and  would  incorporate  only  the  fol- 
lowing element^!  \ 

o Divert  Miil/and  Willow  Creeks  into  Pond  3 


o Modify  the  inlet  structure  to  Pond  3 
o Improve  the  lime  addition  system 
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o Retain  existing  effluent  structures  and  keep 
Pond  2 in  service 

Each  of  these  items  is  discussed  below. 


Divert  Mill  and  Willow  Creeks  into  Pond  3 


This  element  would  be  identical  to  the  improvements  dis- 
cussed in  Media-Specific  Action  5A. 


Modify  Inlet  Structure  to  Pond  3 


The  modifications  to  the  inlet  s t rue ture  would  be  as  dis- 
cussed in  Media-Specific  Action  5A,  with  the  exception  that 
the  inlet  structure  would  be  designed  to  limit  flows  into 
the  pond  system  to  less  than  2 lO-xf s s:q  that  Pond  2 could 
continue  to  function  as  a viable1  treatment  pond.  The  maxi- 
mum flow  rate  of  210  cfs  was  chhsen  based  upon  the  minimum 
criterion  for  effective  metals- removal  in  a pond  system.  As 
noted  in  Media-Specific  "Action  :5A p the  normal  detention  cri- 
terion for  sizing  metal ^removal  ponds  is  2 to  25  days.  At 
the  minimum  detention: t Ime  ;%p f 2 days,  the  maximum  flow  rate 
through  Pond  2'%d&ld  bdl  210  cfs. 


Improve  the  Lime  Addition  System 


The  improvements  to  the  lime  addition  system  would  be  simi- 
lar to  those  presented  in  Media-Specific  Action  5A.  A new 
lime  feeding  and  mixing  facility  would  be  constructed  simi- 
lar to  Media-Specific  Action  5A,  except  that  it  would  be 
downsized  to  meet  the  requirements  of  the  lower  maximum  flow 
through  the  pond  system.  The  lime  addition  system  would  be 
located  at  or  near  the  existing  inlet  structure.  It  would 
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feed  lime  into  the  water  at  that  point,  then  allow  the  flows 
to  follow  the  natural  channel  through  the  south  portion  of 
Pond  3. 

Retain  the  Existing  Effluent  Structures  and  Keep  Pond  2 in 
Service 


Rather  than  construct  a new  effluent  structure  in  Pond  3, 
the  existing  structures  would  remain  in  service.  Since  the 
existing  structures  discharge  to  Pond  2,  this .option  would 
require  that  Pond  2 remain  in  service. 


This  less  comprehensive  alternative  would  provide  some 
improvement  to  the  treatment  in  the  .pond  system, ^especially 
for  flows  no  higher  than  210  cfs.  Thi;:: modified  inlet  struc- 
ture and  lime  addition  system  would  allow  more  consistent 
diversion  of  flows  near  the  average  flow : Into  the  pond  and 
more  consistent  chemical  augment. at  dorr  of  the  biological  proc- 
esses in  the  pond  during  the  winter.  Diversion  of  Mill  and 
Willow  Creek  flows  into  the ;j:pon/d:  system  would  improve  the 
quality  of  the  watqx^at  the  compliance  point. 

This  media- specific  action  would  not  decrease  the  potential 
for  short-circuiting  in  Pond  3 and  therefore  would  not 
improve  the  efficiency1" of  Pond  3 as  a treatment  pond. 


Pond  2 would  continue  to  be  a source  of  suspended  metal  con- 
taminants at  the  compliance  point  during  high  wind  condi- 
tions that  cause  waves  and  re-entrainment  of  the  sediments 
in  the  shallower  areas  of  the  pond. 
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MEDIA-SPECIFIC  ACTION  5C:  CONSTRUCT  A NEW  TREATMENT  POND 


The  construction  of  a new  pond  treatment  system  would  be 
required  in  conjunction  with  stabilization/ solidification  of 
the  existing  pond  bottom  sediments  (see  Media-Specific  Ac- 
tion 2).  To  provide  continuous  treatment,  the  new  treatment 
pond  would  have  to  be  constructed  before  the  existing  ponds 
could  be  dewatered. 


A new  treatment  pond  could  provide  an  effective  means  of 
treating  the  flows  from  Mill,  Willow,  and  Silver  Bow  Creeks. 

A reduction  in  metals  concentrations  at  the  compliance 
point,  compared  to  current  levels,  would:  be  achieved  through 
the  improved  treatment  that  a new  pond  would  provide.  The 
discussion  of  improved  treatment  included  in  Media-Specific 
Action  5A  is  equally  relevant  tc,  the  hew  pond  envisioned  for 
this  media- specif ic  action  bee ause  . the  new  pond  would  have 
basically  the  same  design  feature^-  and-eapacity  limit  (ap- 
proximately 600  cfs) . The  -new  pond  would  not  be  expected  to 
be  as  effective  as  Pond  "3  if  :::the:  latter  were  fully  upgraded 
(Media- Specific  Action  5A)  because  the  new  pond  could  be  no 
larger  than  app r dniffiat e ly  7,0  :p e r c ent  of  the  volume  of  Pond  3 . 
At  600  cfs  the  new  pond:  would  have  a retention  time  of  just 
under  2 days , considered  to  be  the  minimum  for  adequate 
settling.  The  reduced  retention  time,  due  to  its  smaller 
size,  would  make  it  less  efficient  as  a treatment  pond.  An 
overview  of  the  measures  taken  to  improve  treatment  is 
presented  in  Figure  7-9. 


The  new  pond  would  be  located  within  the  existing  Pond  3 
berms,  upstream  (south)  of  the  current  Pond  3 water  surface. 
Pond  3 and  the  new  pond  would  be  separated  by  a 31-foot-high 
berm.  Flows  up  to  approximately  600  cfs  would  enter  the  new 
pond  treatment  system  through  a revised  inlet  structure  as 
detailed  in  Media-Specific  Action  5A  (Figure  7-4).  A lime 
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addition  system,  as  described  in  Media-Specific  Action  5B 
(except  that  it  would  be  sized  for  600  cfs  flows),  would  be 
located  at  the  pond  inlet  structure.  Pond  effluent  would  be 
discharged  to  the  Mill-Willow  Bypass  through  an  outlet  struc- 
ture and  located  at  the  northwest  corner  of  the  new  pond  and 
similar  to  that  shown  in  Figures  7-6,  7-7,  and  7-8. 


The  settling  characteristics  in  the  new  pond  treatment  sys- 
tem could  be  improved  by  including  a berm  across  the  pond  in 
a northwestern  to  southeastern  direction,  parallel  to  the 
eastern  part  of  the  northern  berm  (Figure  7y9y.  This  berm 
would  be  constructed  similar  to  the  berm  detailed  in  Media- 
Specific  Action  5A. 


MEDIA-SPECIFIC  ACTION  6 : 

CONSTRUCT  AN  UPSTREAM  FLOOD  IMPOUNDMENT/ SETTLING  BASIN 


Media-Specific  Action  6 was-  developed  to  address  the  surface 


water  contamination  caused  by  higher  flow  rates  in  Silver 
Bow  Creek  that  tencL  to  erode  tailings  and  contaminated  soils 
upstream  of  the  ponds-and  transport  them  through  the  oper- 
able unit  to  the  ii;C lark  Fork  River.  As  noted  in  previous 
media-specific  adtions,:  the  maximum  flow  rate  into  the  pond 
system  proposed  under -any  of  the  treatment  options  is 
600  cfs.  Mill-Willow-Silver  Bow  flows  in  excess  of  600  cfs 
(approximately  a 2-year  recurrence  interval  flood)  would  be 
bypassed  by  the  upgraded  inlet  structure  and  allowed  to  flow 
untreated  down  the  Mill-  Willow  Bypass.  Two  options  were 
developed  under  Media-Specific  Action  6 to  address  dealing 
with  flows  in  excess  of  600  cfs: 
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o 


Media-Specific  Action  6A.  This  option  would  pro- 
vide settling  and  treatment  for  up  to  the  total 
runoff  volume  of  the  100-year  event  in  Silver  Bow 
Creek  (13,000  acre-feet).  It  would  entail  a 
large,  off -stream  storage  impoundment  constructed 
about  4 miles  upstream  of  Pond  3. 


Media-Specific  Action  6B.  This  option  would  en- 
tail construction  of  a much  smaller,  off-stream 
settling  basin  at  the  same  location  as  Media- 
Specific  Action  6A.  This  new  pond  would  primarily 
provide  settling  of  suspended  solids  and  would 
have  a much  lower  capacity  for  storing,  flood  flows 
for  slow  release  to  the  pond^treatment  system. 
Preliminary  analysis  of  settling  characteristics 
indicate  that  a pond  ^approximately  one- fourth  the 
size  of  Me d i a - S p e c i f i d;  Ac t ion  6A  would  provide 
nearly  the  same  sett ling  ef f i c iency  as  the  larger 
pond . -|  % 


Each  of  these  options  iS:  described  in  the  following  sub 
tiOnS.  j?' 


MEDIA-SPECIFIC  ACTION  6At  CONSTRUCT  AN  UPSTREAM  FLOOD 
IMPOUNDMENT 


sec- 


The  goal  of  Media-Specific  Action  6A  is  to  prevent  large 
quantities  of  sediments  and  dissolved  metals  entrained  in 
flood  flows  from  passing  through  the  operable  unit  and  flow- 
ing into  the  Clark  Fork  River.  This  would  be  accomplished 
through  the  construction  of  a new,  unlined  pond  designed  to 
promote  sedimentation  of  flood-entrained  materials  and  store 
floodwaters  for  possible  slow  release  to  Pond  3 for  treat- 
ment, if  chemical  analysis  indicates  that  treatment  is  war- 
ranted. Assuming  continual  discharge  of  600  cfs,  the 


100-year  flood  volume  of  13,000  acre-feet  could  be  captured 
and  treated  in  the  pond  system. 


This  flood  impoundment  pond  would  act  as  a conventional 
sedimentation  basin:  as  the  influent  velocity  slowed  in  the 

pond,  solids  being  transported  by  the  flow  would  settle  out. 
In  addition,  discharge  from  the  pond  under  normal  conditions 
would  be  restricted  to  less  than  600  cfs,  the  maximum  amount 
treatable  in  Pond  3.  Because  the  pond  would  also  lower  flow 
rates  downstream  from  its  location,  the  potential  would  be 
substantially  reduced  for  future  erosion  o f the  estimated 

200,000  cubic  yards  of  tailings  that  exist  along  Silver  Bow 
Creek  between  the  new  pond  site  and  Pond  3 . 


The  100-year  flood  was  selected  as  thd  design  event  for  the 
feasibility  study  because  it  is:::-a  flood  frequency  commonly 
used  in  designing  structures  to  minimi z e\- the  impacts  of 
floods.  No  applicable  or  r e 1 e v ant- : and --app r op r i a t e require- 
ment specifies  an  appropriate  le%eC  of  protection  to  be  pro- 
vided by  such  a pond. € The  preliminary  design  is  based  on  a 
100-year  Silver  Boxy  :C peek  flood'  having  a peak  discharge  of 

4,000  cfs  and  a ;i:t otai^r^  lume  of  13 , 000  acre-feet  over 

a 5 -day  periodl^C. 


A preliminary  mass  balance  of  inflow  versus  outflow  to  the 
pond  indicated  that  the  storage  capacity  could  be  less  than 

13,000  acre-feet.  The  reason  is  that  the  pond  would  only 
capture  flows  in  excess  of  600  cfs.  During  the  5 days  of  a 
normal  100-year  event,  600  cfs  would  be  continuously  re- 
leased from  the  impoundment  and  flow  down  Silver  Bow  Creek 
to  the  pond  system.  The  preliminary  mass  balance  indicated 
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that  a pond  capable  of  storing  8,000  acre-feet  could  store 
the  flows  in  excess  of  600  cfs  in  Silver  Bow  Creek  during  a 
normal  100-year  flood. 

Throughout  the  100-year  event,  flows  in  excess  of  600  cfs 
would  be  diverted  into  the  pond  for  collection,  primary  sedi- 
mentation, and  metering  into  the  downstream  pond  system  for 
later  treatment.  By  operating  the  upstream  pond  in  this  man- 
ner, the  parts  of  it  exposed  to  continual  normal  use  would 
be  reduced,  thereby  minimizing  operation  and  maintenance 
costs  for  cleaning  trashracks  and  replacing  corroded  facili- 
ties. This  mode  of  operation  also  keeps  the  "storage  pond 
dewatered  most  of  the  time  so  that  the  required \f lood 
storage  volume  would  be  available  to  collect  storm  flows. 

Flows  in  excess  of  the  100-year  event  would  wash  out  a fuse 
plug,  continue  down  Silver  Bow".  Creek"  into  the  Mill-Willow 
Bypass,  and  on  to  the  Clark  Fork  River., 

The  basic  elements  and.  structures  required  for  the  upstream 
flood  impoundment  include:  if 

Silver "#ow  Cheek  diversion  dam  (20-foot-high  dike) 
and  fuse  plug  Spillway 

Silver  Bow  Creek  control  structure  (radial  gate 
structure) 

Storage  pond  inlet  control  structure  (orifice  con- 
trol structure) 

Storage  pond  inlet  channel 


o 


o 


o 


o 


o Storage  pond  ( 50-f oot-high  dike) 

o Low- flow  bypass  channel  through  the  storage  pond 
o Low-level  outlet  tunnel  system 


Baffled  apron  spillway 


Spillway  discharge  channel 


The  hydraulic  effects  of  each  of  the  required -Structures  are 
discussed  in  the  following  paragraphs.  A site  plan  of  the 
facilities  is  shown  in  Figure  7-10.  Typical  structures  are 
shown  in  Figures  7-11  through  7- 15 . / 


A diversion  dam  on  Silver  Bow  Creek  would,  be  required  to 
divert  the  flow  into  the  storagerponds,.  '--Diking  upstream  of 
the  dam  would  also  be  needed  to  iconfine^the  flow  within  the 
existing  flood  boundary.  The:  maximum  dam  and  dike  height 
would  be  about  20  feeC,  \A  fuse  : plug  built  into  the  dam 
would  wash  out  at  flows  -greater !:::than  4,000  cfs.  Figure  7-11 
shows  a typical  dam  " sect  ion::. 


An  approximately  OVf o o t - w i d e radial  gate  control  structure 
would  be  provided  on  Silver  Bow  Creek.  This  structure  would 
allow  flows  within  the  treatable  flow  rate  (less  than 
600  cfs)  to  continue  down  Silver  Bow  Creek  with  a relatively 
normal  flow  pattern  and  would  limit  ponding  behind  the  diver- 
sion dam.  The  radial  gates  would  be  closed  automatically  or 
manually  when  the  flow  exceeds  the  treatable  rate.  An  actua- 
tion or  warning  system  signaling  the  exceedance  of  the  treat- 
able flow  rate  could  be  activated  by  a water-surface  sensing 
device.  In  the  event  the  automatic  system  did  not  operate, 
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FIGURE  7-11 

EXAMPLES  OF  A 
TYPICAL  OUTLET  SYSTEM  AND 
DIKE  SECTION  FOR 
CONTAINMENT  POND  DESIGN 

MEDIA-SPECIFIC  ACTIONS  6A  AND  6B 

WARM  SPRINGS  PONDS 
FEASIBILITY  STUDY 


stop  logs  could  be  inserted  to  control  flows.  It  should  be 
noted  that  if  the  radial  gate  system  failed  and  stop  logs 
were  not  inserted,  there  would  not  be  any  hydraulic  risk  to 
the  off-channel  impoundment  facilities.  The  only  conse- 
quence would  be  that  flows  greater  than  600  cfs  would  bypass 
Pond  3 and  flow  untreated  down  the  bypass  to  the  Clark  Fork 
River.  Figure  7-12  shows  the  Silver  Bow  Creek  control  struc 
ture . 


An  inlet  structure  would  be  necessary  to  control  flows  into 
the  flood  control  pond.  The  orifice  inlet  structure  shown 
conceptually  in  Figure  7-13  has  a raised  invert  to  keep  low 
flows  from  entering  the  ponds.  When  the:  radial "gate  control 
structure  is  closed,  the  water  surface  would  rise,  allowing 
water  to  enter  the  pond  through  the "orifice . The  orifice 
would  allow  a maximum  volumetric-:-,  f low  rate  of  4,000  cfs,  the 
peak  flow  rate  of  a 100-year  flood,  to  enter  the  pond  under 
normal  operating  conditions.  Fqr: flows  greater  than 
4,000  cfs,  water  would  begin  to  Spill  over  the  fuse  plug  in 
the  diversion  dam.  The  orifice  structure  could  be 


susceptible  to  plugging  by  debris  and  would  require  cleaning 
to  maintain  its  capacity  and  prevent  a fuse  plug  washout  at 
flows  less  than  the  design  flow. 

A pond  inlet  channel,  would  be  needed  to  transport  flow  from 
Silver  Bow  Creek  to  the  storage  pond.  It  would  be  riprap- 
lined,  have  a bottom  width  of  approximately  100  feet,  and 
have  levees  to  control  the  flood  boundary.  Figure  7-14 
shows  a section  of  a typical  inlet  channel. 


The  off-channel  pond  would  have  a storage  capacity  of  approx 
imately  8,000  acre-feet.  The  maximum  dike  height  would  be 
about  50  feet.  Pond  dikes  were  conceptually  designed  assum- 
ing material  onsite  is  suitable  for  construction.  No 
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SECTION  A 


PLAN 


SILVER  BOW  CREEK  RADIAL  GATE  CONTROL  STRUCTURE 
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MEDIA-SPECIFIC  ACTIONS  6A  AND  6B 

WARM  SPRINGS  PONDS 
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ORIFICE  POND  INLET  CONTROL  STRUCTURE 
NTS 


FIGURE  7-13 

CONCEPTUAL  DESIGN  OF  AN 
ORIFICE  INLET  STRUCTURE  FOR 
THE  SILVER  BOW  CREEK 
CONTAINMENT  POND 

MEDIA-SPECIFIC  ACTIONS  6A  AND  6B 

WARM  SPRINGS  PONDS 
FEASIBILITY  STUDY 
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FIGURE  7-14 

EXAMPLES  OF 
TYPICAL  CHANNEL 
STRUCTURES  FOR 
CONTAINMENT  POND  DESIGN 

MEDIA-SPECIFIC  ACTIONS  6A  AND  6B 

WARM  SPRINGS  PONDS 
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BAFFLED  APRON  SPILLWAY 
NTS 


FIGURE  7-15 

EXAMPLES  OF 
TYPICAL  STILLING  BASIN 
AND  SPILLWAY  FOR 
CONTAINMENT  POND  DESIGN 

MEDIA-SPECIFIC  ACTIONS  6A  AND  6B 

WARM  SPRINGS  PONDS 

FEASIBILITY  STUDY  


subsurface  information  is  currently  available  at  the  site; 
subsurface  investigations  would  be  required  during  the  de- 
sign phase.  For  quantity  and  cost  estimating  purposes,  the 
dike  section,  shown  in  Figure  7-11,  assumes  3:1  (horizontal: 
vertical)  upstream  and  downstream  slopes,  a 3-foot  stripping 
depth,  and  a 5-foot-deep  core  trench. 

To  minimize  scour  in  the  pond  bottom,  initial  flows  would  be 
routed  through  the  storage  pond  using  a low-flow  bypass  chan- 
nel. A typical  low-flow  bypass  channel  is  shown  in  Fig- 
ure 7-14. 

A low-level  pond  outlet  tunnel  system  would  b:e:  used  to  pass 
flows  from  the  pond  back  to  Silver  Bow  Creek.  For  estimat- 
ing purposes  the  system  was  a s sume d" ;t d'; : c ons i s t of  a trash- 
rack  inlet  structure,  conduit  through  ';thO::  dike , gate  well 
and  controls  going  through  the  ; dike and %an  energy  dissipa- 
tor  at  the  downstream  end  of  th<k  tunnel.  A typical  system 
is  shown  in  Figure  7-11 Othe r Systems  for  controlling  the 
low-level  outlet  flows,  would  be^investigated  during  the  de- 
sign phase . These  Facilities  would  need  to  provide  the  ca- 
pacity to  drain  the::: ponds  in\a  reasonable  amount  of  time . A 
nominal  4 .5-foot  diameter  conduit  would  have  a capacity  of 
about  500  cfs,  and  ;an  iitpact  stilling  basin  could  be  used  to 
provide  energy  dissipation.  An  impact  stilling  basin  is 
shown  in  Figure  7-15. 

Once  the  flows  in  Silver  Bow  Creek  receded  to  near  normal 
levels,  the  radial  gate  structure  could  be  opened  and  the 
flow  allowed  to  travel  directly  down  the  creek  channel.  The 
creek  flow  would  be  joined  by  the  500  cfs  outlet  flow  from 
the  pond,  and  the  combined  flow  would  be  routed  through  the 
pond  treatment  system  for  treatment. 
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A spillway  would  pass  flows  through  the  pond  when  it  is  full 
A conceptual  spillway  design  used  for  cost  estimating  pur- 
poses is  shown  in  Figure  7-15. 

A spillway  discharge  channel  with  a bottom  width  of  approxi- 
mately 100  feet  would  be  provided  to  transport  high  turbu- 
lence flow  away  from  the  dikes  to  limit  scour.  A discharge 
channel  design  is  shown  in  Figure  7-14. 

The  structures  for  this  option  are  dependent  upon  the  stage 
and  discharge  of  a probable  maximum  flood  through  the  reach. 
Either  a PMF  would  have  to  be  diverted  away ;;  from  the  pond, 
or  a spillway  with  the  capacity  to  pass' "-some  portion  of  a 
PMF  would  have  to  be  added.  For  this  feasibility  study,  it 
was  assumed  that  the  pond  would  be  an  :off- channel  structure 
and  that  a PMF  would  be  routed  ^around  :the, storage  facility. 
The  diversion  structure  would  bd\: : de signed,  to  wash  out  in 
large  floods.  Thus,  the  pond  would  not  receive  flows  above 
a maximum  volumetric  flow  rate  of  4,000  cfs,  and  would  not 

require  a PMF  spillway,.  \This:: substantially  reduces  costs 

over  an  on- channel  , pond 

MEDIA-SPECIFIC  ACTION  6Br  CONSTRUCT  AN  UPSTREAM  SETTLING 
BASIN 

The  construction  of  an  upstream  settling  basin  would  be  simi 
lar  to  Media-Specific  Action  6A,  except  that  the  storage  cap 
acity  would  be  much  lower.  The  goal  of  the  upstream  settl- 
ing basin  would  only  be  to  settle  out  a major  fraction  of 
the  flood-borne,  metals-contaminated  sediments,  rather  than 
to  also  store  the  flows  for  later  controlled  release  for 
treatment  in  the  pond  system.  The  settling  basin  would  be 
situated  at  the  same  location  as  the  flood  impoundment  and 
its  flow  control  structures  would  be  similar.  The  primary 
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difference  is  that  the  settling  basin  would  have  approxi- 
mately one-fourth  the  storage  capacity  of  the  flood  impound- 
ment. At  one-fourth  of  the  size,  a reasonable  comparison 
can  be  made  of  the  costs  versus  treatment  potential  between 
the  flood  impoundment  and  the  settling  basin.  The  settling 
basin  would  have  a storage  capacity  of  about  2,000  acre-feet 
and  have  the  capability  of  storing  the  anticipated  volume  of 
a 1,000-cfs  peak  flood  in  Silver  Bow  Creek  lasting  roughly 
24  hours.  The  primary  features  of  the  settling  basin  are 
shown  in  Figure  7-16. 


The  diversion  dam,  inlet  structure,  low-flow  channelization, 
and  outlet  structures  would  be  virtually" identical  to  those 
for  the  flood  impoundment.  This  means  that  flows  up  to  the 
100-year  flood  peak  volumetric  floW\pate  (4,000  cfs)  would 
be  diverted  into  and  through  the^settMng  basin.  As  with 
the  flood  impoundment,  flows  in  excess,  of  4,000  cfs  would 
wash  out  the  fuse  plug  at  the  diversion  dam  and  continue 
down  Silver  Bow  Creek. 


For  floods  whose  volumes  were  less  than  2,000  acre-feet,  the 
metals  removal  process  would  be  similar  to  that  described  in 
Media-Specifi cl Act ion  6A.  The  flood  flows  would  be  stored 
and  released  at  a maximum  rate  of  up  to  500  cfs  for  later 
treatment  at  the  downstream  ponds.  For  floods  with  volumes 
greater  than  2,000  acre-feet,  however,  the  lower  storage 
capacity  of  the  settling  basin  would  result  in  a different 
treatment  process. 


After  the  storage  capacity  of  the  settling  basin  was 
reached,  it  would  begin  to  function  only  as  a sedimentation 
basin.  After  the  pond  is  filled,  Silver  Bow  Creek  flows  (up 
to  about  4,000  cfs)  would  continue  to  be  diverted  into  the 
basin.  The  primary  discharge  would  be  over  the  spillway, 


) 
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providing  detention  time  so  that  a portion  of  the  suspended 
sediments  could  settle  out.  The  flow  over  the  spillway 
would  carry  substantially  less  tailings  than  it  had  on  enter 
ing  the  basin.  However,  the  flow  rate  over  the  spillway 
would  exceed  the  capacity  limit  of  the  pond  treatment  system 
(600  cfs)  and  that  portion  above  600  cfs  would  be  routed 
around  the  ponds,  through  the  bypass,  and  into  the  Clark 
Fork  River  without  treatment  for  dissolved  metals. 


Preliminary  analysis  of  the  removal  potential  through  simple 
sedimentation  indicates  that  this  process  could  remove  a sig 
nificant  portion  of  the  suspended  solids.-  The  theoretical 
detention  time  in  the  settling  basin  at  h;4:,  OOOycfs  would  be 
approximately  6 hours.  Because  a sedimentation  basin  does 
not  perform  perfectly  (due  to  currently  short-circuiting , 
etc.),  the  theoretical  detent io-n*  Jt ime  "must  be  reduced  for 
analysis  purposes.  A typical  reduction  factor  for  a basin 
of  this  type  is  40  percent,...  In\othef:i  words , the  detention 
time  for  analysis  should  be-  reduced  to  60  percent  of  the 
theoretical  detention Ctime ,,  or  1, 5 hours . 


The  use  of  Stokes  :£aw-:,pr ovides  a means  of  calculating  the 
removal  of  contaminant ^bearing  particulates  in  the  settling 
basin.  In  a 2 , 000 -acre -foot  settling  basin,  the  smallest 
particle  captured  during  a 100-year  flood  (4,000  cfs)  would 
be  about  20  microns  in  diameter.  Based  on  available  par- 
ticle size  data,  this  translates  to  approximately  80  percent 
(weight  basis)  removal  of  particulates  from  the  flood  flow. 
Although  particle  capture  efficiency  in  the  settling  basin 
would  be  less  efficient  than  for  the  larger  flood  impound- 
ment, it  may  be  reasonable  to  assume  that  the  difference  in 
basin  size  (2,000  versus  8,000  acre-feet)  does  not  greatly 
reduce  particulate  removal  efficiency.  As  noted  previously, 
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a 2,000  acre-foot  settling  basin  was  chosen  to  provide  a 
cost  comparison  of  settling  versus  capturing  and  treating 
the  flood  flows.  The  precise  size  of  the  settling  basin 
would  be  optimized  during  the  design  phase. 


MEDIA-SPECIFIC  ACTIONS  7.  8.  9.  AND  10; 
ISOLATING  TAILINGS  AND  CONTAMINATED  SOILS 


To  limit  environmental  exposure  and  exposure  due  to  direct 
human  contact  and  airborne  dust  inhalation,  it  is  necessary 
to  isolate  the  tailings  and  contaminated  soils  within  the 
operable  unit. 


% 


LOCATIONS  OF  TAILINGS  AND  CONTAMINATED  SOILS 


There  are  more  than  600  acres  c onba ining  exp o s e d or 
partially  vegetated  tailings  arid  metai  salt -contaminated 
soils  within  the  boundary  of  thelsite . 27  The  locations  of 
the  tailings  deposits  Chave  Jbeeri -^identified  and  mapped  in  the 
remedial  investigation. !\FIgure:;:ES- 1 shows  the  locations  of 
the  exposed  tailings^:. 


The  locations  and  dxtent  of  the  tailings  and  contaminated 
soils  have  been  identified  as  follows: 


Areas  below  Pond  1 
Exposed  areas  in  Pond 
Exposed  areas  in  Pond 
Along  the  Mill-Willow 
Areas  above  Pond  3 


76 

acres 

1 

59 

acres 

2 

155 

acres 

Bypass 

54 

acres 

290 

acres 

27 
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These  areas  are  described  below.  In  addition,  there  are 
areas  of  vegetated  sediments  in  Ponds  1 and  2 that  may  also 
require  remediation.  Table  2-2  provides  a more  detailed 
listing  of  the  areas  and  volumes. 

Areas  Below  Pond  1 


The  tailings  below  Pond  1 primarily  lie  along  the  historic 
channel  of  Silver  Bow  Creek  and  were  likely  deposited  before 
the  ponds  were  constructed.  The  quantity  of  failings  in 
this  area  has  been  estimated  to  be 
475,000  cubic  yards.  Therefore,  over  the 
76  acres  of  area  below  Pond  1,  the  average  depth,  of  tailings 
is  approximately  3-1/2  feet. 


Exposed  Areas  in  Pond  1 


Pond  1 is  no  longer  used  as  part  -gif  the  treatment  system  for 
Silver  Bow  Creek.  It  is  filled  with  tailings  and  sediments 
and  receives  no  direct  inf luent^f rom  Silver  Bow,  Mill,  or 
Willow  Creeks. 


The  pond  consist S:h; of  three  separate  areas  that  roughly 
divide  the  forme®*, treatment  pond  into  thirds.  The  eastern 
third  of  the  pond  supports  an  established  wetland  with  large 
quantities  of  vegetation  on  the  southern  portion  of  the  area 
and  a large  open  water  area  on  the  northern  part.  Diverse 
flora  and  fauna  populations  exist  in  this  area.  The  middle 
third  of  the  pond  consists  primarily  of  tailings  deposits 
and  sediments  with  little  vegetation  or  wildlife  interac- 
tion. 


4 


The  western  third  of  the  pond  is  primarily  a dry,  vegetated 
area  with  field  grass  and  general  vegetation  covering  the 
majority  of  the  area.  A few  areas  of  exposed  tailings  are 
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also  found  in  the  western  third.  The  total  volume  of 
exposed  tailings  in  Pond  1 has  been  estimated  to  be  nearly 
734,000  cubic  yards.  The  vegetated  or  submerged  sediments 
account  for  an  additional  2,100,000  cubic  yards. 

Exposed  Areas  in  Pond  2 


Pond  2 contains  a number  of  dry  areas  that  have  tailings 
deposits.  These  areas  are  shown  in  Figures  ES-1  and  2-2. 

The  tailings  are  primarily  located  in  the  southeast  portion 
of  the  pond  near  the  historic  channel  of  S ilvef  Bow  Creek. 
The  quantity  of  unsubmerged  tailings  in  Pond  2 has  been  esti- 
mated to  be  1,300,000  cubic  yards  (see  Table  2-2)  . 


Along  the  Mill-Willow  Bypass 


The  tailings  and  contaminated  soils  along  the  Mill-Willow 
Bypass  are  discussed  in  detail  i n ; Me d ia-  S p e c i f i c Action  4. 
Approximately  76,000  cub  i c : y air  d s \o  f tailings  deposits  and 
130,000  cubic  yards  o£  vegetated,  bailings  and  contaminated 
soils  exist  in  the  bypass . c 


Areas  Above  Pond  3 


The  southern  (dry)  portion  of  Pond  3 is  relatively  flat  and 
well  graded.  There  is  a gentle  slope  from  the  south  to  the 
north.  The  area  has  historically  held  the  natural  channel 
of  Silver  Bow  Creek,  and  the  tailings  in  this  area  were 
deposited  by  the  creek  during  the  past  100  years  of  flow 
through  the  area.  The  quantity  of  tailings  and  contaminated 
soils  in  this  area  has  been  estimated  at  1.22  million  cubic 
yards  (see  Table  2-2).  Approximately  7 to  8 percent  of  the 
tailings  are  unvegetated  in  this  area. 
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MEDIA-SPECIFIC  ACTIONS 


Four  discrete  options  have  been  identified  for  isolating  the 
tailings  deposits  and  contaminated  soils. 


Each  of  these  discrete  options  is  discussed  in  detail  in  the 
following  sections.  In  Chapter  8,  these  discrete  options 
are  combined  in  different  ways  to  provide  several  alterna- 
tives for  remediating  the  tailings  deposits  and  contaminated 
soils . 


MEDIA-SPECIFIC  ACTION  7:  CAP  AND  REVEGETA' 
ITS  AND  CONTAMINATED  SOILS 


TE  TAI 


AILINGS  DEPOS- 


This  Media-Specific  Action  would  cap  and  revegetate  the  con- 
taminated areas.  Capping  and  r eve ge t dt ing  would  potentially 
be  appropriate  for  all  areas  except  the  tailings  and  contami- 
nated soils  along  the  Mill-Willow1  Bypass.  The  potential  for 
erosion  along  the  bypass  means  that  the  only  viable  action 
for  these  tailings  anC  soils  is  to  remove  and  dispose  of 


them. 


VS 


Capping  would  involve  dovering  the  contaminated  areas  with  a 
6 -inch  layer  of  billed-- in  agricultural  lime  to  reduce  metals 
migration  and  then  hovering  the  whole  area  with  18  inches  of 
imported  soil.  Fertilizer,  soil  amendment,  and  seed  would 
be  spread,  as  necessary,  to  establish  a stable  vegetative 
cover . 


Native  species  would  be  used  to  establish  the  vegetative 
cover  in  order  to  minimize  long-term  maintenance  costs. 
Careful  scheduling  of  the  planting  would  be  required  to 
ensure  a good  start  for  the  plants.  It  is  anticipated  that 
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some  watering  would  be  required  during  the  establishment 
period,  especially  during  dry  spells. 

Some  periodic  maintenance  of  the  cover,  or  replanting  as  nec- 
essary, would  also  likely  be  required.  The  vegetated  areas 
could  be  used  as  terrestrial  wildlife  habitat  or  to  grow  fod- 
der for  the  wildlife  at  the  site. 


There  are  a number  of  considerations  that  should  be  noted 
with  respect  to  capping  and  revegetating  in  the  vicinity  of 
Pond  1.  The  groundwater  drains  outlined  in  Media-Specific 
Action  11  and  Media-Specific  Action  12  would  have  to  be 
constructed  prior  to  the  imp 1 eme n t a t i on  : o f the  dapping 
option.  This  is  necessary  in  order  to  dewater  the  soils 
sufficiently  to  allow  a cap.  Also  ,:%the::  area  below  Pond  1 
could  not  be  capped  if  wetlands- treatment,,  Media-Specific 
Action  11,  is  selected  for  imp  1 emen t a t.i oh,  since  that  area 
would  house  the  wetland.  Pinally^/if  Pond  1 is  used  for 
disposal  of  contaminated  tailings  end  sediment  as  part  of 
Media-Specific  ActionCLD;,.  certain  RCRA  regulations  would  be 
relevant  and  appropriate  to  thei:::dlosure  of  the  pond. 


MEDIA-SPECIFIC  AGTION  8: 
TAMINATED  SOILS 


FLOOD  TAILINGS  DEPOSITS  AND  CON- 


This  media-specific  action  proposes  isolating  the  tailings 
deposits  and  contaminated  soils  by  flooding  them  and  keeping 
them  covered  with  water.  Flooding  would  be  an  appropriate 
option  only  for  the  tailings  and  contaminated  soils  below 
Pond  1 , within  Pond  2 , and  within  Pond  3 . 


Flooding  would  not  be  an  appropriate  option  for  the  tailings 
deposits  and  contaminated  soils  along  the  Mill-Willow  Bypass. 
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As  noted  previously,  removal  and  disposal  is  the  only  viable 
option  for  these  tailings  and  soils. 

Flooding  also  would  not  be  an  appropriate  option  for  Pond  1. 
Recent  measurements  and  calculations  indicate  that  Pond  1, 
even  though  nearly  empty  of  water  and  partially  dewatered, 
is  a significant  source  of  contaminated  recharge  to  the  shal- 
low aquifer  below  the  pond.  In  order  to  eliminate  this  con- 
taminant migration  pathway,  dry  closure  is  the  only  viable 
option  for  Pond  1. 

Flooding  currently  dry  tailings  and  soils  in  other  areas 
could  also  increase  groundwater  contamihhtiori-v  This  point 
is  discussed  further  in  Chapter  8 . 

Below  Pond  1 

The  flooding  of  tailings  and  contaminated  soils  below  Pond  1 
would  be  accomplished  through  the  construction  of  the  wet- 
lands treatment  system.  \ The  details  of  the  wetlands  are 
covered  in  Media-Specific  Action  11. 

Within  Pond  2 \ 

The  tailings  and  contaminated  soils  within  Pond  2 could  be 
flooded  and  a constant  water  level  maintained  in  the  pond. 
This  option  would  require  that  Pond  2 be  removed  from  ser- 
vice as  a treatment  pond  (see  Media-Specific  Action  5A  for 
details  of  decommissioning  Pond  2). 

A small  berm  would  be  designed  to  cross  Pond  2,  running  east 
to  west  to  facilitate  the  flooding  of  the  higher,  southern 
end  of  the  pond.  This  gravel  berm,  which  is  shown  in  Fig- 
ure 7-17,  would  be  designed  with  3:1  (horizontal  to  verti- 
cal) sideslopes.  The  berm  would  be  designed  high  enough  to 
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maintain  a minimum  of  1 foot  of  water  cover  over  the  contami 
nated  areas  and  maintain  adequate  freeboard  for  stability. 


A small  amount  of  flow  would  be  discharged  from  Pond  3 to 
Pond  2 to  keep  both  the  newly  bermed  area  and  the  estab- 
lished wetland  areas  covered  with  water.  This  is  also  impor 
tant  to  prevent  the  buildup  of  salts  in  the  flooded  areas. 
Discharge  from  Pond  2 would  flow  directly  into  the  Mill- 
Willow  Bypass. 


Within  Pond  3 


The  southern  portions  of  Pond  3 would  be  flooded:  using  a sys 
tern  of  small  berms.  Two  berms  would  be  used  to  completely 
flood  the  area.  The  berms  would  trhnsect  the  area  in  an 
east-to-west  direction.  Preliminary  berm  locations  are 
shown  in  Figure  7-17.  They  wo%ld:;-S";:^n^^ucted  using 
gravel  and  fill  material  ob t a in^d\ Ideally  and  would  be  built 
up  using  3:1  sideslopes.  ,:=The;;;  betma  would  be  constructed 
high  enough  to  provide  at  leastSa  tf-foot  water  cover  over 
the  contaminated  a pea,  and  maintain  adequate  freeboard  for 
berm  stability.  //*\  1= 


Inflow  to  the  flooded  areas  would  be  used  to  maintain  a con- 
stant water  surf ace!\and  prevent  salt  buildup  in  the  areas. 


The  flooded  areas  would  not  be  used  for  water  treatment  pur- 
poses. Influent  would  be  fed  directly  from  the  Silver  Bow 
Creek  channel,  as  necessary.  Discharge  would  be  to  Pond  3 
for  treatment. 
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MEDIA-SPECIFIC  ACTION  9:  EXCAVATE  FROM  ALL  APPLICABLE 
AREAS  AND  DISPOSAL  IN  AN  OFFSITE  RCRA  FACILITY 


This  action  assumes  that  the  tailings  and  contaminated  soils 
would  be  excavated  from  the  applicable  areas.  This  includes 
all  areas  of  contaminated  soils  and  tailings  previously  iden- 
tified, except  within  Pond  1.  As  noted  in  Media-Specific 
Action  8,  dry  closure  of  Pond  1 is  necessary  to  remove  the 
source  of  groundwater  contamination  below  Pond  1.  This 
could  be  accomplished  by  removing  all  tailings  and  sediments 
in  Pond  1.  However,  the  volume  of  materials  Involved 
(2.9  million  cubic  yards)  renders  this  option-infeasible. 
Thus,  the  only  option  being  considered  for  Pond  1 (other 
than  solidification  under  Media-Specific  Action  2 ) is  to  cap 
and  revegetate  the  contaminated  areas  "(Media-Specific 
Action  7).  !\. 


Not  all  of  the  tailings  and  contaminated  soils  would  have  to 
be  removed.  The  State  of  Montana  and  U.S.  EPA  have  deter- 
mined that  only  those  ^mat e r i al A St ha t exceed  the  "action 
levels"  for  contaminants:, would  heed  to  be  excavated  and 
disposed  of  in  an  appro^ed^lbcat ion . Action  levels  are 
contaminant  concentrations  which  present  an  unacceptable 
health  risk  undet, human  exposure  conditions.  The  action 
levels  for  tailings -deposits  and  contaminated  soils  have  not 
yet  been  set.  For  the  purposes  of  this  feasibility  study, 
action  levels  have  been  assumed  at  250  mg/kg  for  arsenic  and 
750  mg/kg  for  lead.  Data  collected  during  the  remedial 
investigation^  indicate  that  approximately  half  of  the 
exposed  tailings  deposits  would  have  to  be  removed  if  these 
action  levels  were  selected  for  the  final  cleanup. 


28 
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The  excavated  materials  would  be  hauled  offsite  to  a RCRA 
disposal  facility.  For  cost  estimating  purposes,  this  feasi 
bility  study  assumes  that  the  nearest  RCRA  facility  would  be 
used.  The  closest  RCRA  disposal  facility  is  Envirosafe  Ser- 
vices, Inc.,  (ESI)  near  Boise,  Idaho,  which  is  approximately 
480  road  miles  from  the  Warm  Springs  Ponds. 


The  requirement  for  disposal  in  a RCRA  facility  depends  in 
part  on  whether  the  waste  is  defined  as  hazardous  under  RCRA 
(i.e.,  whether  the  tailings  and  contaminated  soils  fail  the 


Extraction  Procedure  Toxicity  Test,  set  forth-' in  40  CFR 
Part  261)  and  is  otherwise  within  the  jurisdictional  require 
ments  of  RCRA.  Based  on  previous  analyses  of -tailings  and 
contaminated  soils,  it  is  assumed  that  at  least  some  of  the 
excavated  wastes  would  be  classified  as  a RCRA  hazardous 
waste.  The  Resource  Conservation  and  -Recovery  Act  requires 
that  these  hazardous  wastes  musC-be  disposed  of  in  a RCRA- 
permitted  facility.  Even  if  the  wastes-  are  not  RCRA  wastes, 
offsite  disposal  in  a RCRA  -facility  would  ensure  adequate 
protection  to  human  health  and  the  environment,  as  required 
by  RCRA.  — ’V’’ 


Also  pursuant  t o;%RCRA , 'wastes  containing  free  liquids  cannot 
be  landfilled.  Because  Some  sediments  (especially  those 
excavated  from  beldw  Pond  1 and  within  Pond  2)  will  contain 
free  water,  they  would  therefore  have  to  be  dewatered. 


The  soil  volumes  for  areas  assumed  to  be  excavated  and  the 
soils  disposed  offsite  are  equal  to  one-half  of  the  exposed 
tailings  in  all  areas  except  along  the  bypass  where  all  of 
the  material  would  be  excavated.  The  calculated  volumes 
are : 


Area  below  Pond  1 
Exposed  areas  in  Pond  2 
Along  the  Mill-Willow  Bypass 
Areas  Above  Pond  3 


38,700  cubic  yards 

650.000  cubic  yards 

206.000  cubic  yards 
45,300  cubic  yards 
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MEDIA-SPECIFIC  ACTION  10:  EXCAVATE  FROM  ALL  APPLICABLE 
AREAS  AND  DISPOSAL  ONSITE  IN  A RCRA- EQUIVALENT  FACILITY 


Contaminated  materials  which  exceed  the  action  level  from 
below  Pond  1,  in  Pond  2,  from  the  Mill-Willow  Bypass,  and 
from  unsubmerged  areas  within  Pond  3 would  be  excavated  as 
described  in  Media-Specific  Action  9.29  The  excavated 
materials  would  be  disposed  of  by  placing  them  in  Pond  1 
prior  to  beginning  the  cap  construction,  or  prior  to 
solidification  under  Media-Specific  Action  2.  Although  RCRA 
may  not  be  fully  applicable,  certain  RCRA  requirements  would 
be  relevant  and  appropriate  to  this  disposal  method. 


The  cap  construction  would  be  similar  to  the  capping  speci- 
fied for  Media-Specific  Action  7 except  that  an  additional 
limited-permeability  clay  layer- 424  inches ) would  be  added 
between  the  lime  and  soil  layers This  would  limit  percola- 
tion of  surface  water  through  the  tailings  to  the  ground- 
water.  The  requirements  for  closures  of  RCRA  landfill  units 
regarding  dewatering,  %ap  drainage-  long-term  structural  in- 
tegrity, and  berm  maintenance  would  be  considered  in  design- 
ing the  placement  of -the  bailings  and  soil  and  in  designing 
the  cap.  In  order  to  maintain  a viable  vegetative  cover, 
the  cap  would  notk  include  a synthetic  membrane  liner. 


29 


The  discussion  of  which  areas  are  applicable  and  the  amount  of  soil  to  be  excavated 


from  each  is  included  in  Chapter  8. 


4 
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MEDIA-SPECIFIC  ACTION  11; 

COLLECT  GROUNDWATER  AND  TREAT  IN  A WETLAND  BELOW  POND  1 


This  Media-Specific  Action  addresses  intercepting  the  contam- 
inated groundwater  flowing  from  Pond  1 toward  the  Clark  Fork 
River  and  treating  it  in  wetlands  to  be  located  below  (north 
of)  Pond  1. 


GROUNDWATER  COLLECTION 


Contaminated  groundwater  would  be  collected  by  an  open 
groundwater  trench  located  north  of  the  ;toe  of  the  Pond  1 
berm.  The  trench  would  be  a minimum  of  8 feet  deep.  The 
trench  would  be  constructed  similar  to  an  agricultural  drain 
with  a trapezoidal  cross  sectign*,,  Thevtrench  would  slope 
toward  a pump  station  located  at  the  eastern  end  of  the  berm. 
Once  the  groundwater  is  collected:,. at  the  pump  station,  it 
would  be  pumped  up  to  the  entrance  to  the  wetlands  for  treat- 
ment. The  total  quantity  of  groundwater  has  been  estimated 
at  1 cfs  from  t hi  s : dr  a iit:;  und  e r steady-state  conditions  . The 
features  of  this^grbUndwater^trench  and  the  wetlands  are 
shown  in  Figure,  18 . The  figure  also  contains  a second 
groundwater  trench  located  within  Pond  1 only  applicable  to 
Media-Specif ic  Action,  12. 


If  required  by  space  or  aesthetic  considerations,  the  ground- 
water  trench  could  be  constructed  as  an  enclosed  trench 
drain.  This  would  require  installation  of  a perforated  (or 
open-joint)  pipe  at  the  bottom  of  the  trench.  The  backfill 
material  surrounding  and  above  the  pipe  would  have  to  be  a 
free-draining  gravel  or  cobble  material.  An  enclosed  trench 
drain  would  be  considerably  more  difficult  and  expensive  to 
construct  than  an  open  drain.  This  study  assumes  that  the 
trench  drain  will  not  be  enclosed. 
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WETLANDS  TREATMENT 


The  area  below  Pond  1 would  be  converted  into  a wetlands 
treatment  area.  The  area  available  for  the  wetlands  treat- 
ment system  covers  approximately  100  acres.  Based  on  a typi- 
cal design  loading  rate  of  1 gallon  per  minute  per 
500  square  feet  and  an  80  percent  usage  of  available  land, 
the  wetlands  area  would  be  able  to  receive  up  to  16  cfs  of 
influent.  The  expected  flow  into  the  wetlands  from  the  col- 
lected groundwater  is  approximately  1 cfs. 


To  convert  the  area  into  a wetlands  treatment  : system,  it 
would  have  to  be  regraded  to  create  c on td inmdn t 1 b erms  capa- 
ble of  holding  a sufficient  quantity1  and  depth  of  water.  In 
addition,  the  tailings  and  contaminated  soils  in  the  area 
(average  3-1/2  feet  deep  over  the,,  majority  of  the  area) 
would  be  removed  prior  to  construction  of  the  wetlands. 


Two  separate  treatment  ,< 
to  enhance  the  metalsC 
system.  The  cells  would 
with  effluent  water  "from 
second  cell. 


s would  be  set  up  within  the  area 
....efficiencies  of  the  overall 
in  a series  configuration 
.el-first  cell  discharged  into  the 


The  soil  on  the  flohr -Of  the  wetlands  cells  would  be  a mix- 
ture of  native  soil  and  an  imported  topsoil  or  mulch  high  in 
organic  matter.  The  organic  matter  would  be  needed  as  a sub- 
strate for  transplanted  vegetation,  because  it  encourages 
vegetation  establishment  and  microbial  colonization.  The 
wetlands  system  would  generally  be  vegetated  with  cattails, 
reeds,  grasses  and  additional  local  species  taken  from  exist- 
ing wetlands  in  the  area.  Species  would  be  selected  based 
on  metal  tolerance,  uptake  patterns,  and  wildlife  use  (both 
for  food  and  shelter) . Species  of  cattails  and  reeds  have 
been  noted  for  their  tolerance  of  high  metal  loadings,  and 
both  are  prevalent  in  existing  wetlands  areas  in  Ponds  1 
and  2 . 
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The  wetlands  would  be  designed  with  an  average  water  depth 
of  approximately  5 to  7 feet,  although  a wide  variation  in 
depth  would  be  built  into  the  system.  This  depth  would  give 
the  wetlands  a detention  time  of  approximately  15  days,  com- 
mon for  similar  systems.  In  the  shallower  portions  of  the 
wetlands  (i.e.,  less  than  2 feet),  wetland-emergent  vegeta- 
tion would  be  expected  to  dominate  and  cover  the  area. 

Deeper  areas  (greater  than  2 feet)  would  generally  be  open, 
encouraging  algal  growth. 


The  influent  from  the  pump  station  would  flow  into  a dis- 
charge structure  along  the  southeastern  corner  of  the  wet- 
land area  where  it  would  be  distributed"  along1  .the  length  of 
the  treatment  cell,  500  to  800  feet,  using  a simple  nonpoint 
overflow  weir. 


After  passing  through  the  first  hell>:,the  water  would  be  col 
lected  using  a nonpoint  overflow  weir  and  passed  to  the  sec- 
ond treatment  cell  where  it;,  would  be  redistributed.  At  the 
downstream  side  of  the.  second^ treatment  cell  the  water  would 
again  be  collected  in  a nonpoint  overflow  weir  structure  and 
discharged  to  the  Clark  ForklRiver . Piping  for  the  system 
would  be  selected^ to  withstand  corrosion,  and  all  of  the  con 
veyance  system  would  be  designed  for  easy  flushing  to  pre- 
vent sediment  buildup/ 


Due  to  seasonal  vegetative  die-off,  periodic  removal  of 
organic  matter  from  the  wetlands  area  would  be  necessary. 
This  could  be  done  as  a coordinated  effort  to  produce  food 
for  onsite  fauna  or  strictly  as  a maintenance  effort  every 
few  years  to  keep  the  wetlands  clean  and  operating  effec- 
tively. If  the  removed  organic  matter  contains  levels  of 
metal  contamination  that  make  it  a hazardous  waste,  disposal 
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of  this  waste  in  a permitted  landfill  would  be  an  additional 
operation  and  maintenance  cost.  With  periodic  cleaning  per- 
formed as  outlined  above,  the  wetlands  area  would  be  ex- 
pected to  remain  viable  for  approximately  70  to  80  years. 


MEDIA-SPECIFIC  ACTION  12: 
GROUNDWATER  COLLECTION  IN  AND  BELOW  POND  1 
WITH  TREATMENT  IN  POND  3 


This  media-specific  action  would  be  similar  to  Media- 
Specific  Action  11  in  that  it  would  collect- and  treat  ground  - 
water  flowing  under  the  Pond  1 berm.  1%:  would  differ  from 
Media-Specific  Action  11  in  that  it  would:-:;incorporate  an 
additional  groundwater  trench  withih:  Pond  1 and  a pump  sta- 
tion capable  of  pumping  all  of -the  grdundwater  back  to 
Pond  3 for  treatment.  A we 1 1 and : tr e a tme nt  system  would  not 
be  constructed  under  this  me  d i a Wpe  c if  ic  action. 


GROUNDWATER  COLLECTION  C 

The  groundwater  trench  at  the  downstream  toe  of  the  Pond  1 
berm  would  be  aiih^lar  to  I the  trench  outlined  in  Media- 
Specific  Action  M-X 


The  trench  located  within  Pond  1 would  serve  three  purposes: 
dewater  Pond  1 to  facilitate  dry  closure  of  the  pond  (see 
Media-Specific  Action  10) ; alleviate  groundwater  quality 
degradation  in  the  vicinity  of  ponded  water  in  Pond  1;  and 
cut  off  flow  of  uncontaminated  groundwater  from  the  eastern 
hills.  The  location  of  the  trench  within  Pond  1 is  shown  on 
Figure  7-18. 
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As  noted  in  Media-Specific  Action  10,  Pond  1 could  be  used 
for  onsite  disposal  of  contaminated  soils  and  tailings.  It 
will  be  necessary  to  dewater  the  existing  ponded  areas  and 
to  decrease  the  free  water  within  the  saturated  soils  before 
this  could  be  accomplished. 

Groundwater  quality  samples  collected  from  shallow  monitor- 
ing wells  located  immediately  adjacent  to  and  downgradient 
of  the  ponded  water  in  Pond  1 exhibit  the  highest  metals  con- 
centrations measured  in  monitoring  wells  within  the  operable 
unit.  Elevated  metals  concentrations  measured  in  shallow 
monitoring  wells  near  the  ponded  water  in  Pond  1 are  likely 
attributable  to  the  presence  of  standing:,  water,  in  Pond  1. 
Groundwater  quality  samples  collected  .from  shallow  monitor- 
ing wells  completed  west  of  standing:  Water  in  Pond  1 exhibit 
significantly  lower  metals  concentrations:.  30 

The  topography  of  Pond  1 ind i c at ef:^: stand ing  water  in  Pond  1 
originates  as  seepage  water:  emanating  through  the  base  of 
the  eastern  portion  oi  the  Pon<d^:2  -berm,  where  the  historic 
Silver  Bow  Creek  channe 1% int ersects  the  shallow  water  table. 
The  groundwater  Oo.llectipnHtrench  at  the  toe  of  the  Pond  2 
berm  (see  Figure ij|#- 18)  would  be  expected  to  capture  this 
seepage  water  an<k: eventually  drain  saturated  material  in 
Pond  1 to  below  the^base  of  tailings  contained  in  the  pond. 


Groundwater  flowing  from  the  eastern  hills  likely  becomes 
contaminated  through  contact  with  the  tailings  in  Pond  1. 

In  addition,  it  also  likely  contributes  to  the  saturated  con- 
ditions within  the  pond.  This  uncontaminated  groundwater 


30 


CH2M  HILL,  1989. 
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would  be  intercepted  by  the  trench  before  it  comes  in  con- 
tact with  the  tailings  in  Pond  1 . 


A single  "dog-leg"  interception  trench  located  as  shown  in 
Figure  7-18  would  accomplish  all  of  the  necessary  dewatering. 
The  portion  of  the  trench  located  below  the  Pond  2 berm 
would  intercept  seepage  from  Pond  2.  The  north-south 
portion  of  the  trench  would  serve  to  dewater  the  tailings 
and  to  intercept  groundwater  from  the  eastern  hills. 


As  with  Media-Specific  Action  11,  an  open  ttench  could  be 
constructed  similar  to  an  agricultural  drain.  It  would  vary 
from  8 to  14  feet  deep  and  would  drain  toward the  ground- 
water  pump  station.  A culvert  would  carry  the  groundwater 
beneath  the  Pond  1 berm  and  into  the,  pump  station. 


GROUNDWATER  TREATMENT 


The  pump  station  would  be- located  to  collect  the  flows  from 
both  of  the  groundwater  drains  It  would  then  pump  the  col- 
lected flows  through  ,::a  pipeline"  located  along  the  eastern 
edge  of  the  ponds  .: to"  a discharge  at  the  inlet  to  Pond  3. 
Treatment  of  the  groundwater  would  then  be  accomplished  in 
Pond  3 . 


The  maximum  pumping  rate  from  both  trenches  is  estimated  to 
be  about  2 cfs  under  steady-state  conditions.  The  pump  sta- 
tion would  be  designed  to  pump  this  flow  with  100  percent 
redundancy.  Thus,  the  pump  station  would  require  two  50- 
horsepower  pumps.  The  pipeline  is  assumed  to  be  12  ductile 
iron  pipe.  The  required  length  of  the  pipeline  depends  on 
the  media-specific  action  chosen  for  upgrading  or  replacing 
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the  existing  pond  system,  and  varies  from  4.25  miles  (Media- 
Specific  Action  5A)  to  5.0  miles  (Media-Specific  Action  5-C) . 


ch/ CVOR207 / 0 14 .WP 
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Chapter  8 

ASSEMBLY  AND  ANALYSIS  OF  ALTERNATIVES 


This  chapter  describes  the  final  steps  in  the  feasibility 
study  process:  the  assembly  and  analysis  of  remedial  action 

alternatives  for  the  operable  unit.  The  alternatives  are 
constructed  by  combining  one  or  more  media-specific  actions 
for  each  of  the  affected  media  into  an  overall  remediation 
package.  Seven  alternatives  are  assembled  from  the  16  media- 
specific  actions  (including  options)  conceptualized  in  Chap- 
ter 6 and  developed  in  Chapter  7.  The  alternatives  are  de- 
veloped to  present  a range  of  po s s ib le/  comb inat ions . The 
assembled  alternatives  are  also  analyzed ,,:both  individually 
and  comparatively,  against  seven  of  the  nine  criteria  devel- 
oped by  the  USEPA 1 . This  analysis  , along;,  with  the  two 
remaining  criteria,  community  ^d:  support,  agency  acceptance, 
will  be  used  to  provide  a basis  \f p r evaluation  by  state  and 
USEPA  decisionmakers  wneii;;,they  compare  alternatives  and 
select  a remedy.  Ultimate ly remedy  selection  must  be  con- 
sistent with  the  requirements  of  CERCLA  and  the  National 
Contingency  Plansf 1* 


In  Chapter  7,  the  16  media-specific  actions  (including  op- 
tions) were  developed  in  detail  as  discrete  problem  solving 
actions,  each  focusing  on  one  (or  at  the  most,  two)  of  the 


DEVELOPMENT  OF  ALTERNATIVES 


^ USEPA,  1988.  Guidance  for  Conducting  Remedial  Investigations  and  Feasibility 
Studies  Under  CERCLA  (Interim  Final,  October  1988),  6-3  to  6-13. 
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major  ARARs  violations  or  human  health  and  environmental 
concerns.  Each  media-specific  action  was  developed  sepa- 
rately, with  limited  inquiry  into  how  they  would  interact  or 
fit  together  into  comprehensive  alternatives  for  the  entire 
operable  unit.  In  this  chapter,  the  media-specific  actions 
are  combined  to  address  all  of  the  ARARs  violations  and 
human/ environmental  health  concerns  at  the  operable  unit. 
These  combinations  form  the  various  remedial  action  alterna- 
tives that  will  be  considered  for  the  entire  operable  unit. 

There  are  four  actions  for  the  pond  bottom  sediments,  six 
for  surface  water,  four  for  tailings  deposits  and  contami- 
nated soils,  and  two  for  groundwater.  :Tf::  one  .^Ct ion  were 
selected  for  each  of  the  media,  there  :would  be  192  possible 
combinations  or  alternatives.  If  mbx decomplex  combinations 
were  considered,  the  number  of  .possible  alternatives  would 
be  much  larger.  To  keep  the  development"- and  evaluation  of 
the  alternatives  in  this  chap t ex  manageable,  seven  alterna- 
tives have  been  selected  tb:\rep resent  the  range  of  possible 
combinations . The  s even  a It ernat ive s include  six  action 
alternatives  and  a no- action  alternative . They  are  pre- 
sented in  Table  tlise iRecord  of  Decision  (ROD),  the 

USEPA  and  the  Spate  may! select  an  alternative  presented 
here , or  they  may  .select  "an  alternative  combining  different 
aspects  of  the  presented  alternatives  based  upon  comments 
and  concerns  raised  during  the  public  comment  period. 

Table  8-2  lists  the  alternatives  approximately  in  order  of 
decreasing  overall  protectiveness,  describing  the  components 
of  each.  Alternative  1 includes  in  situ  solidification  of 
all  presently  existing  pond  sludges  and  sediments  to  protect 
against  flood  and  earthquake  damage  or  loss.  In  situ 
solidification  is  an  innovative  treatment  process  that  has 
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Only  the  primary  Media-Specific  Action(s)  for  each  alternative  are 
shown  for  Tailings  Deposits  and  Contaminated  Soils.  Because 
of  conditions  inherent  in  the  various  areas,  more  than  one 

J:\INDUST\B0I24856\TABLE8-2.DWG  action  is  typically  required  for  remediation  of  the  tailings  and  soils. 
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not  been  extensively  used  for  hazardous  remediations.  It 
has  been  included  as  an  alternative  that  relies  on  treatment 
of  wastes  to  reduce  their  mobility,  in  accordance  with 
Superfund  [CERCLA  Subsection  121(b)(1)].  Because  the  three 
existing  ponds  would  be  solidified  as  part  of  Alternative  1, 
the  alternative  also  includes  the  construction  of  a new 
treatment  pond  to  continue  the  treatment  of  contaminated 
surface  water  currently  provided  by  the  existing  ponds.  An 
upstream  flood  impoundment  is  also  part  of  this  alternative. 


Alternative  2 protects  all  three  of  the  exist  iiig  ponds 
against  both  a maximum  credible  earthquake  (MCE ) and  a prob- 
able maximum  flood  (PME)  by  s t ab i 1 i z ing  i;€he  berms  of  the 
ponds.  It  also  includes  an  overall  .upgrading  of  i;:the  exist- 
ing pond  treatment  system  and  the  c bnstr uc t i on  of  an  up- 
stream flood  impoundment . 


Alternatives  3 through  6 all  p r dyl;d:e.  berm  protection  for 
each  of  the  ponds  against  ai.full  MCE  and  a fraction  of  a PMF 
(0.2,  0.3,  and  0.5).  ^hey  differ  j;in  the  level  of  improve- 
ment to  the  pond  treatment  System  and  the  use  of  a smaller 
upstream  s e 1 1 1 ing:  b a sin:i|:f  or,  flood  and  tailings  control 


instead  of  an  A , 000  acre- 


foot  flood  impoundment. 


Each  of  the  first  six  alternatives  also  includes  one  of  the 


disposal  or  containment  options  for  tailings  deposits  and 
contaminated  soil,  and  one  of  the  two  groundwater  remedia- 
tion options  developed  in  Chapter  7.  All  of  the  tailings 
and  soils  options  apply  a contaminant  action  level  of 
250  ppm  for  arsenic  and  750  ppm  for  lead. 


* 


♦ 
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Alternative  7 is  the  no-action  alternative  required  under 
f CERCLA  and  used  as  a baseline  against  which  the  other  alter- 

natives are  evaluated. 

The  seven  remedial  action  alternatives  for  the  operable  unit 
have  been  selected  to  include,  to  the  extent  possible  and 
appropriate,  at  least  one  alternative  in  each  of  the  follow- 
ing five  regulatory  categories:  1)  treatment  or  disposal  at 

an  offsite  facility  (Alternative  2);  2)  attainment  of  appli- 
cable or  relevant  and  appropriate  requirements  (ARARs)  (Al- 
ternatives 1 through  4);  3)  exceedance  of  ARAR  requirements 
(Alternatives  1 and  2);  4)  reduction  of  t he^;  1 ike 1 iho o d of 
present  or  future  threat  from  hazardous  :;subst antes , which 
provides  significant  protection  to  public  healthy and  welfare 
and  the  environment  although  not  attaining  all  ARARs  (Alter- 
natives 5 and  6);  and  5)  a no -action  alternative  (Alterna- 
tive 7). 2 The  categorization  hLf\ alternatives  as 
complying  with  or  exceeding  the  ^requirements  of  ARARs 
| assumes  a waiver  will  be  granted  if  or  arsenic  and  mercury 

ambient  water  quality  Standards "pursuant  to  regulations 
promulgated  under  th^e-Montana  Water  Quality  Act . Waivers 
for  the  arsenic  ;ahd: : lier  dur  y $:t  and  a r d s are  necessary  because 
the  promulgated;.  Standards;  cannot  be  met  using  current 
tec  hno logy. 


As  discussed  above,  these  seven  alternatives  are  by  no  means 
the  only  alternatives  that  could  have  been  assembled  from 
the  media-specific  actions  identified  in  Chapter  6 and  devel- 
oped in  Chapter  7.  The  compiled  alternatives  present  a 
varied  range  of  remediation  options  in  a workable  number  of 
alternatives  for  the  decisionmakers  to  consider  while 

2 40  CFR  300.68(e) . 
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complying  with  the  required  statutory  and  regulatory  require- 
ments. By  mixing  and  matching  combinations  of  the  media- 
specific  actions,  alternatives  can  be  assembled  to  emphasize 
or  de-emphasize  any  of  the  ARARs  violations,  human  health  or 
environmental  concerns,  or  media  as  desired. 


DETAILED  ANALYSIS  OF  ALTERNATIVES 


As  the  final  step  in  the  feasibility  study  process,  the 
seven  alternatives  assembled  above  are  analyzed  to  determine 
whether  they  satisfy  specific  statutory  criteria,  regulatory 
criteria,  and  additional  criteria  developed  by  the  USEPA. 

The  analysis  is  conducted  by  evaluating  the  seven  alterna- 
tives, first  individually  and  then  comp  a r a t i v e ly , against 
seven  evaluation  criteria  prescribed  by.  fehe  USEPA.  Two 
additional  criteria,  support  agency  and  community  accep- 
tance, are  modifying  considerations  evaluated  following  the 
public  comment  period  leading!  to  ihe  issuance  of  the  Record 
of  Decision.  Table  84|  p,r ov ide 1 i s t ing  of  the  nine  USEPA 
criteria  and  summarizes  specific  factors  that  further  refine 
the  criteria  as  :they:i::apeh.  tajfe  used  in  the  detailed  analysis 


of  the  alternatives . The  first  seven  criteria  are  described 
separately  below. \ Th§: iirst  two  criteria  are  threshold 
requirements  expected  of  all  alternatives.  The  remaining 
five  criteria  are  the  primary  balancing  factors  used  to 
differentiate  among  the  alternatives. 


Specifically,  USEPA* s evaluation  criteria  are: 

1 . Overall  protection  of  human  health  and  the  environment. 
As  a minimum  standard  or  threshold  criterion,  Superfund 
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Table  8-3 

CRITERIA  FOR  DETAILED  ANALYSIS  OF  ALTERNATIVES 
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requires  selecting  a "remedial  action  that  is  protec- 
tive of  human  health  and  the  environment . Review 
of  the  alternatives  under  this  criterion  essentially 
involves  a composite  assessment  of  the  alternative 
against  several  of  the  other  evaluation  criteria,  espec- 
ially long-term  effectiveness  and  permanence,  short- 
term effectiveness,  and  compliance  with  ARARs. ^ 


2 . Compliance  with  applicable  or  relevant  and  appropriate 
requirements  As  described  in  Chapter  3 :.of  this  feasib- 
ility study,  compliance  with  ARARs  or  the  appropriate 
invocation  of  a waiver  for  ARARs  is  also  a minimum  or 
threshold  criterion  under  Superfund.^  Appendix  B 
of  the  feasibility  study  lists  all  ARARs  identified  by 
the  Montana  Department  of  Health  and  Environmental 
Sciences  and  the  USEPA  for -the  Warm "Springs  Ponds  Oper- 
able Unit.  Chapter  3 f ur the r .refine s this  identifica- 
tion, and  provides  a list  of \fhe  most  significant  ARARs 
This  chapter  identifies  those  ARARs  most  significant  to 
each  alternative  %nd  identifies  whether  the  alternative 
is  expected  to  comply  with  these  ARARs . Table  8-4  pro- 
vides a suiplary " "of  % ompli anc e with  federal  and  Montana 
ARARs . Since  none|  of  the  alternatives  are  expected  to 
meet  the  arsenic  and  mercury  ambient  water  quality 
standards,  the "analysis  of  ARARs  compliance  throughout 
this  chapter  assumes  that  a technical  impracticability 


'i 

J CERCLA  § 121(b)(1)  and  (d)(1),  42  USC  §§  9621(b)(1)  and  (d)(1).  Also 
USEPA,  1988,  6-5  and  6-6. 

^ USEPA,  1988,  6-5,  6-6. 

5 CERCLA  § 121(d)(2)(A),  42  USC  § 121(d)(2)(A).  Also  Ibid.  6-5. 
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Table  8-4 

ALTERNATIVE  DESIGN 
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Hood  plain  AKM36 . 1 b . 606  Criteria  for  flood  control  works  Yes  Yea  Yes  Yes 

Management  allowed  within  designated  floodways 
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waiver  will  be  applied  in  the  Record  of  Decision. 6 
Decisions  to  apply  waivers,  if  any  are  required,  will 
be  made  during  the  Record  of  Decision  (ROD)  process. 

3.  Long-term  effectiveness  Superfund  requires  selection 
of  a remedial  action  that  uses  permanent  solutions  to 
the  maximum  extent  practicable. 7 It  also  requires 
that  long-term  effectiveness  of  the  various  alterna- 
tives^ be  addressed  prior  to  remedy  selection. 

Evaluation  of  the  alternatives  in  relation  to  this  cri- 
terion involves  assessing  the  adequacy /and  reliability 
of  the  controls  selected  to  manage  treatment  residuals 
and/or  untreated  wastes,  and  evaluating  the1  ^magnitude 
of  residual  risks  remaining  to  hiiman  health1  .and  the 
environment  after  the  remedy  has  been  implemented. 9 

4 . Reduction  of  toxicity,  mobility,  volume . persistence, 
and  propensity  to  bioaccumMate^f^Sup erf und  prefers 
selection  of  remedia Inactions  that,  through  treatment, 
permanently  and  signi ficanfcly'-  r educ e the  "volume,  toxic- 
ity or  mob ilipy-qf  the : haz ardous  substances , pollut- 
ants, and  cohtamindnt ^ It  also  requires  assess- 
ment of  the  persistence  of  the  hazardous  substances  and 
their  propensity  ,t  q^b io a c cumulate . H 

8 CERCLA  § 121(d)(4),  42  USC  § 9621(d)(4);  see  also,  discussion  of  ARAR 

waivers  in  Chapter  3 of  this  feasibility  study. 

^ CERCLA  § 121(b)(1),  42  USC  § 9621(b)(1). 

8 Id. 

Q 

7 USEPA,  1988.  6-8. 

CERCLA  § 121(b)(1),  42  USC  § 9621(b)(1). 

11  CERCLA  § 121(b)(1)(C),  42  USC  § 9621(b)(1)(C). 
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5. 


Short-term  effectiveness.  This  criterion  examines  the 


short-term  potential  for  adverse  health  effects  from 
human  exposure 12  and  adverse  environmental  effects 
that  may  occur  during  the  implementation  phase  of  the 
remedial  action  alternative . 13 

6 . Implement ability,  reliability,  and  constructibilitv. 
Federal  regulations  require  an  assessment  of  an  alter- 
native’s implement ability,  reliability,  and  constructi- 
bility  from  an  engineering  perspective. 14  Addition- 
ally, USEPA  requires  consideration  of  implement ability 
from  an  administrative  perspective  (e  ^g;.  K coordination 
with  other  agencies  such  as  obtaining  permits  for  off- 
site activities  or  rights-of-way  for: -const ruction) . 12 

7.  Cost.  In  addition  to  the  .other  requirements , Superfund 
requires  selection  of  a c qsl^ef fee t ive  remedy,  includ- 
ing consideration  of  long  - he  tm  ::opOr  a t ion  and  mainten- 
ance costs. USEPA  guidelines  recommend  that  costs 

be  developed  withLah,  accurdicy'ir  of  plus  50  percent  to 
minus  30  percent*.!  'H:,  Cost  estimates  developed  in  the 
detailed  analysis,  include  both  capital  costs  and  annual 
costs.  Capital  costs  include  both  direct  and  indirect 

costs,  including  ; coils t ruction,  nonconstruction,  and 

12  CERCLA  § 121(b)(1)(D),  42  (fSC  § 9621(b)(1)(D). 

12  USEPA,  1988.  6-9. 

14  40  CFR  § 300.68(h) (2) (iii) 

12  USEPA,  1988.  6-9  to  6-11. 

16  CERCLA  § 121(b)(1)  and  (b)(1)(E),  42  USC  § 9621(b)(1)  and  (b)(1)(E); 

40  CFR  § 300.68(h)(2)(H). 

17  USEPA,  1988.  6-12. 


I 


8-15 


overhead.  Annual  costs  are  those  necessary  to  ensure 
the  continued  effectiveness  of  the  remedial  action  fol- 
lowing construction,  including  operation,  maintenance, 
insurance,  taxes,  administrative,  disposal,  rehabilita- 
tion, and  periodic  site  review  costs. All  future 
costs  are  reduced  to  present  worth  costs  to  allow  reme- 
dial action  alternative  costs  to  be  compared  on  a rela- 
tively equivalent  basis.  Present  worth  costs  are  deter 
mined  by  an  analysis  that  evaluates  expenses  over  time 
by  discounting  future  costs  to  a common  base  year. 
Appendix  D contains  detailed  cost  tables:-€or  each  alter 
native. 19 

In  addition  to  the  evaluation  criteria" established  by  the 
USEPA,  Superfund  also  requires  the  iise:^dfe"  "alternative  treat 
ment  technologies"  and  "res  our  centre  c overy  t e chno  lo  g i e s to 
the  maximum  extent  practicable  Instances  in  which 

remedial  actions  incorporate  th4  hse  df:  alternative  treat- 
ment technologies  or  resource  recovery  technologies  (e . g. , 
recycle /reuse,  waste  miriimiz atidn," : and  waste  biodegradation) 
are,  therefore,  identified  as  part  of  the  detailed  (indivi- 
dual) analyses.  \ 

The  evaluation  ih;  this  chapter  relies  on  the  detailed  devel- 
opment of  the  media-specific  actions  as  set  out  in  Chapter  7 
The  detail  for  alternatives  at  this  stage  is  at  a conceptual 
design,  not  a full  design,  level.  Design  details  and  cost 


^ Id.  6-11  and  6-12. 

19 

See  also  USEPA,  1985.  Remedial  Action  Costing  Procedure  Manual. 

20  CERCLA  § 121(b)(1),  42  USC  § 9621(b)(1);  see  also  40  CFR 
§ 300.68(h) (2) (v) . 


estimates  will  continued  to  be  refined  following  selection 
of  an  alternative  and  ultimately  up  until  final  implementa- 
tion of  the  remedial  action. 

This  chapter  concludes  with  a comparative  analysis  of  the 
alternatives  in  which  the  strengths,  weaknesses,  and  trade- 
offs of  each  alternative  are  presented  as  they  are  again 
evaluated  against  the  first  seven  USEPA  evaluation  criteria. 
The  process  of  analyzing  each  alternative  against  specific 
evaluation  criteria  and  then  comparatively  analyzing  the  al- 
ternatives against  one  another  is  designed  tb /provide  suffi- 
cient information  to  enable  state  and  USEPA  decisionmakers 
to  adequately  compare  alternatives,  select  an  -appropriate 
remedy  for  the  site,  and  demonstrate-  that/the  selected  alter- 
native satisfies  statutory  and  regulatory  requirements . 2 1 

INDIVIDUAL  ANALYSIS  OF  ALTERNATIVES 

This  section  provides  %ri^/analy,sis  of  each  of  the  alterna- 
tives against  the  seven  evaluation  criteria  listed  above. 

Each  analysis  st^rti'^ith  a short  description  of  the  alter- 
native being  considered,  followed  by  a criterion-by- 
criterion critique  bf  ;:£h,e  alternative . The  first  two  crite- 
ria, overall  protectiveness  and  compliance  with  ARARs,  are 
addressed  in  terms  of  the  overall  comprehensive  alternative. 
The  remaining  five  criteria  are  addressed  in  terms  of  the 
separate  components.  For  media-specific  actions  that  appear 
in  more  than  one  alternative,  the  analyses  of  the  five 
balancing  criteria  are  included  with  the  first  alternative 


21 


USEPA,  1988.  6-3. 


in  which  the  action  appears.  It  is  then  referred  to  in  sub- 
sequent analyses. 

The  results  of  the  analyses  are  summarized  in  Table  8-5. 

ALTERNATIVE  Is  EXCEEDS  THE  REQUIREMENTS  OF  ARARs 

Alternative  1 was  developed  to  be  the  most  comprehensive  of 
the  alternatives.  It  is  one  of  two  alternatives  expected  to 
exceed  the  requirements  of  a significant  ARAR  by  protecting 
the  pond  bottom  sediments  against  a PMF.  This /Components  of 
Alternative  1 include: 

o Solidification  of  all  ons it%:  contaminated  soils, 

tailings,  and  sediments  (the- tailings  deposits  and 
contaminated  soils  would  be  exhavated  and  moved 
into  one  of  the  ponda  prior  to  solidification) 

o Construction  of  a - new  treatment  pond  for  surface 
water  treatment;,  andean:.:  upstream  flood  impoundment 
to  capture- flood  flows1  for  subsequent  treatment 

o Installation  pfl  a trench  to  capture  contaminated 
groundwater  as/it  migrates  away  from  the  ponds 

These  components  are  listed  in  greater  detail  in  Table  8-2. 

Overall  Protection  of  Human  Health  and  the  Environment 

Alternative  1 addresses  all  of  the  identified  risks  to  human 
health  and  the  environment  present  at  the  site  using 
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Tint-  Unt  1 1 Cunple-  Approximately  17  Three  to  four  con-  TVio  to  three  con-  Same  as  Alterna-  T\jo  to  three  con-  Same  as  Altema-  Not  applicable 

Hon  years  structlon  seasons.  structlon  seasons.  tlve  3.  structlon  seasons  tlve  5. 
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Present  Worth  $1,191  miLllon  $291  million  $71  million  $77  million  $66  million  $55  million 


measures  designed  to  control  or  eliminate  the  risks  to  the 
maximum  extent  possible. 

The  current  inability  of  the  three  existing  ponds  to  with- 
stand expectable  floods  and  earthquakes  would  be  addressed 
using  an  in  situ  solidification  process  to  stabilize  in 
place  the  pond  bottom  sludges  and  sediments  of  each  pond. 

This  would  minimize  the  risk  of  pond  failure  due  to  an  earth- 
quake or  flood  event  by  permanently  solidifying  the  sedi- 
ments. A new  treatment  pond  capable  of  treating  the  current 
level  of  contaminated  influent  surface  water"  for  a period  of 
up  to  100  years  would  be  constructed  upstream %-q£  Pond  3 to 
provide  continuing  treatment  for  the  contaminated  surface 
water  flowing  through  the  site. 

Alternative  1 would  improve  surface  wdfeef ^quality  for  all 
flows  by  removing  tailings  from  a lon^  the , Syp ass  and  con- 
structing a new  pond  treatment  System  "arid  an  upstream  flood 
impoundment.  Flows  of  surface  water  up  to  the  volume  of  a 
100-year  flood  ( 8 , 000  be  detained  in  the 

flood  impoundment  aiuLjt reated  iri  the  new  pond,  which  would 
be  designed  to  prQV:ici:a;  Etore%  effect  ive  and  more  consistent 
treatment  than  the  current  pond  system.  With  the  new  treat- 
ment system  and  bhe: upstream  flood  impoundment,  discussed 
immediately  below,  surface  water  quality  violations  should 
be  avoidable,  except  during  floods  with  flow  rates  exceeding 
the  theoretical  maximum  flow  of  a 100-year  flood  in  Silver 
Bow  Creek  (4,000  cfs) . 

During  flood  flows  between  600  and  4,000  cfs  on  Silver  Bow 
Creek,  the  untreated  surface  water  would  be  temporarily 
detained  in  a new  upstream  flood  impoundment  and  released 


for  additional  treatment  at  the  design  limit  of  the  new  pond 
(600  cfs) . The  flood  impoundment  would  be  of  adequate  capac- 
ity to  contain  the  volume  of  up  to  a 100-year  flood  (see 
Chapter  7)  and  release  it  slowly  (less  than  500  cfs)  for 
treatment  in  the  new  pond.  During  floods  exceeding  the 
capacity  of  the  flood  impoundment,  a portion  of  the  flood 
would  be  routed  around  the  impoundment  to  protect  the 
impoundment  from  damage  due  to  overfilling.  The  majority 
(approximately  80  percent  by  weight)  of  suspended  solids 
would  settle  out  of  the  contained  flow  in  the  impoundment 
prior  to  its  release.  The  flow  equalization  capacity 
provided  by  the  impoundment  would  allow  for  downstream  pond 
treatment  of  flood  flows  for  dissolved  metals  cdhtaminants 
in  all  flows  except  those  with  volumes  greater  than  100-year 
floods.  Use  of  the  flood  impoundment  would  reduce  the 
potential  for  recontamination  qf^the  bypass  by  settled 
tailings  and  the  continued  transport  of  tailings  into  the 
Clark  Fork  Basin. 

Contaminated  groundwater\;moving  from  the  operable  unit  would 
be  collected  from  jji:-and%|>elow  Pond  1.  It  would  then  be 
pumped  to  the  ii^§iti!::Bi;/the ^tjew  pond  for  treatment.  This 
would  reduce  the  discharge  of  contaminated  groundwater  into 
the  Clark  Fork  River, :arid/ result  in  the  groundwater  downgrad- 
ient  of  Pond  1 meeting  the  Montana  groundwater  requirements 
identified  in  Chapter  3 (primary  MCLs). 

Excavating  the  contaminated  soils  and  tailings  deposits  with 
arsenic  concentrations  above  the  assumed  action  level  of 
250  ppm  and/or  lead  concentrations  above  the  assumed  action 
level  of  750  ppm,  and  disposing  of  them  in  the  existing 
ponds  prior  to  solidification,  would  permanently  reduce  the 


mobility  of  the  tailings.  It  would  also  effectively  reduce 
the  potential  for  future  human  or  animal  contact  with  the 
materials . 

This  alternative  would,  with  the  appropriate  design,  con- 
struction, and  maintenance,  reliably  reduce  the  risks  for 
which  it  is  proposed.  Because  of  the  enormous  volume  of 
pond  sludges  (19  million  cubic  yards),  in  situ  solidifi- 
cation would  take  approximately  14  years  to  complete.  Full 
risk  reduction,  especially  risks  from  floods  and  earth- 
quakes, would  not  occur  until  approximately/!?1 years  from 
project  initiation.  Increased  risks  to  the/surrounding 
environment  and  community  during  imp 1 emen t a t i on  o f the 
alternative  would  be  manageable,  with  proper  safety  and 
construction  practices. 

Compliance  with  ARARs 

Within  the  conditional  boundaries::  established  below,  Alterna- 
tive 1 should  result  Ih  Cpmp liahce : wi th  all  the  state  and 
federal  ARARs  identified/for  the  operable  unit. 

Solidifying  the;,  tailings  and  contaminated  soils  in  the  three 
existing  ponds  would  exceed  the  requirements  of  the  Montana 
ARARs  for  protection/ against  flooding  by  protecting  the  pond 
bottom  sediments  against  a PMF.  This  would  also  result  in 
compliance  with  earthquake  ARARs  (protection  against  an 
MCE).  Constructing  an  8,000  acre-foot  flood  impoundment, 
removing  tailings,  sediments,  and  soils,  and  developing  a 
new  pond  treatment  system  should  result  in  compliance  with 
state  and  federal  ambient  and  point  source  discharge  surface 
water  quality  standards  for  flows  up  to  a 100-year  flood 
event  and  state  requirements  for  floodplain  management.  The 
proposed  solidification  and  capping  of  the  existing  ponds 
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would  comply  with  the  siting  criteria  for  solid  waste 
disposal  and  would  satisfy  pertinent  RCRA  requirements  for 
closure  of  hazardous  waste  management  facilities.  Pumping 
and  treating  groundwater  would  result  in  compliance  with 
Montana  groundwater  standards  (primary  MCLs).  Table  8-4 
presents  a summary  of  this  alternative’s  compliance  with  all 
ARARs  identified  by  the  MDHES  and  the  USEPA. 


The  actions  proposed  in  Alternative  1 could  result  in  ad- 
verse effects  on  wetlands,  endangered  species  .and  historical 
resources.  To  mitigate  these  potential  impacts , consulta- 
tion with  state  and  federal  agencies  will  be  required. 


Long-Term  Effectiveness 


Alternative  1 addresses  each  of  :::the  identified  risks  at  the 
site  with  measures  intended  to  jlimit  or  remove  the  risk. 

The  residual  risk  f o 1 lowing,  imp lament a tion  of  this  alterna- 
tive would  be  lower  than  for;  any  p£  the  other  six  alterna- 
tives. The  most  s igniLf leant  :lphg-t e rm  risks  would  result 
from  the  a c cumu  1 a t ion  i;:  o f -;jt  re  a tmen  t residuals  in  the  new 
treatment  pond  ah(|:ii:::sl:diments  .in  the  upstream  flood  impound- 
ment. Periodic (5-year)  previews  of  risks  resulting  from  con 
tamination  in  thl%;tiijip  ,ilew  ponds  would  be  necessary. 


Following  implementation,  the  two  new  ponds  and  the  ground- 
water  collection  system  would  require  regular  operation, 
maintenance,  and  monitoring  in  order  to  meet  the  design/per- 
formance specifications.  These  tasks  would  include  maintain 
ing  feed  stocks  in  the  lime  system,  performing  routine  main- 
tenance for  the  groundwater  pumps,  the  lime  system,  and  the 
mechanical  parts  of  the  upstream  flood  impoundment,  and 
conducting  compliance  monitoring  for  the  treatment  pond. 


l 
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Operational  problems  for  the  treatment  pond  and  the  ground- 
water  system  could  be  minimized  by  utilizing  the  standard 
practice  of  100  percent  redundancy  on  major  mechanical  parts. 
Any  operational  problems  experienced  with  the  flood  impound- 
ment could  result  in  the  release,  without  treatment,  of 
flows  greater  than  the  design  flow  of  the  treatment  pond 
(600  cfs);  these  flows  would  be  diverted  around  the  treat- 
ment pond  by  its  inlet  structure. 


Reduction  of  Toxicity,  Mobility,  Volume,  Persistence,  and 
Propensity  to  Bioaccumulate 


One  of  the  major  components  of  Alternative  1 is  the  solidifi- 
cation of  all  contaminated  soils,  tailings,  sediments,  and 
sludges  with  concentrations  of  arsenic"  or  lead  above  the 
assumed  action  levels.  Stabilization  \f-this  material, 
especially  the  19  million  cubic  yards  of  pond  bottom  sedi- 
ments, would  remove  the  p r inc ip il Ithr e at  at  the  site  (the 
mobility  of  these  metals- contaminated  materials).  The  in 
situ  solidification  p roc  as  s-:;  is  permanent  and  irreversible, 
but  it  would  not  reduce  the  volume  of  contaminated  material 
at  the  site.  Rathe approximately  three-fold  increase 


in  volume  couldk occur  due 


to  the  addition  of  large  quanti- 


ties of  s o lid ificat ion  "agent s . 


The  remaining  components  of  Alternative  1 address  the  toxi- 
city of  the  surface  waters  and  groundwater  at  the  site.  The 
groundwater  from  in  and  below  Pond  1 and  the  surface  waters 
entering  the  site  would  be  treated  for  dissolved  metals  to 
meet  the  water  quality  standards.  Because  the  water  in  the 
bypass  would  be  directed  into  the  treatment  pond,  all  of  the 
stream  flows  entering  the  operable  unit  (Silver  Bow,  Mill, 
and  Willow  Creeks)  would  receive  treatment.  The  upstream 
flood  impoundment  would  both  remove  suspended  solids  and 
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detain  flows  between  600  cfs  (the  treatment  pond’s  design 
maximum  flow  for  treatment)  and  4,000  cfs  (the  theoretical 
maximum  100-year  flood  flow  rate).  Consequently,  contami- 
nated surface  water  entering  the  site  would  be  treated  in 
all  but  extreme  cases  for  suspended  solids  and  for  dissolved 
metals  to  achieve  compliance  with  the  water  quality 
standards . 

Because  of  the  ongoing  treatment  of  surface  water  and  ground- 
water,  metal  sludges  and  sediments  would,  over  time,  deposit 
on  the  bottom  of  the  new  treatment  pond.  The /kludges  in  the 
treatment  pond  would  be  submerged  and  would  only  pose  a 
threat  in  the  event  of  a failure  of  the;  pond.\  In  the  flood 
impoundment,  the  settled  material  would  not  always  be  cov- 
ered with  water,  similar  to  the  tailings  deposits  settled 
along  the  bypass.  They  would  therefore  result  in  similar 
risks,  especially  the  risk  of  flshkills . \ to  reduce  the  risk 
from  this  material,  it  could  be  removed-  after  high  flow 
events  (routed  through  the  pond ) Wid  disposed  of  either  off- 
site or  in  the  new  treatment  ,pohcUlji;|f:  Alternatively,  it  might 
be  possible  to  design.,, the  impoundment  not  to  require  clean- 
ing after  every  flood-ie'^ent^  '1= 

Short-Term  Effectiveness  r 

Because  of  the  volume  of  tailings,  soils,  and  sludge  at  the 
site,  it  is  expected  that  completion  of  the  Alternative  1 
components  would  take  approximately  17  years.  Overall  pro- 
tection of  the  downstream  environment  would  not  be  attained 
until  the  complete  alternative  had  been  completed.  However, 
as  the  process  progressed,  the  degree  of  protectiveness 
would  increase.  The  solidification  process  would  not  in- 
crease the  risks  to  the  community  as  long  as  institutional 
controls  were  applied  to  limit  access  during  construction. 
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Because  of  the  threats  of  ingestion,  inhalation,  and  dermal 
contact,  remediation  workers  would  be  required  to  use  appro- 
priate protective  equipment.  Remaining  risks  to  the  remedia- 
tion workers  relate  to  standard  construction  risks.  They 
would  be  addressed  using  standard  construction  safety 
practices . 

Adverse  environmental  impacts  resulting  from  the  implementa- 
tion of  Alternative  1 would  be  substantial  from  destruction 
of  large  areas  of  existing  wildlife  habitat.  Excavation  of 
contaminated  soils  and  tailings  would  eliminate  a wetland 
area  below  Pond  1;  and  solidification  of  Ponds  1,  2,  and  3 
would  destroy  over  1,200  acres  of  wetland  and  "open  water 
habitat  for  birds,  fish,  and  mamma  Is;;  Follow  ing  ::s  olidifica- 
tion,  the  area  would  be  returned  to  wildlife  habitat  as  dry, 
vegetated  land,  unsuitable  for  the  sanie  wildlife 
p opul  a t ions . 

The  removal  of  tailings ^and  contaminated  soils  from  along 
the  bypass  may  adve r s e&y  ka f f e ct  water  quality  during 
remediation.  Howeyer*,  the  majority  of  adverse  affects  could 
be  avoided  by  uses  of ’'appropriate  temporary  sediment  control 
measures,  such %#\sett ling  basins.  Risks  to  the  surrounding 
communities  from  dust  generation  would  be  minimized  by  use 
of  appropriate  dust -control  measures  during  excavation 
activities.  The  inhalation  and  dermal  risk  to  remediation 
contractors  can  be  controlled  using  protective  equipment. 

This  work  would  take  1 to  2 years  to  complete. 

The  construction  of  the  new  treatment  pond  and  the  flood  im- 
poundment proposed  for  Alternative  1 would  take  at  least  two 
construction  seasons,  but  during  that  period  the  current 


treatment  of  the  contaminated  surface  waters  would  be  con- 
tinued. Both  new  ponds  would  be  constructed  offline  and 
would  not  affect  the  water  quality  downstream  until  complete. 
Until  that  time,  the  risk  to  the  environment  and  downstream 
communities  would  remain  at  the  current  level  described  in 
the  Public  Health  and  Environmental  Assessment  (PHEA)  (Appen- 
dix A) . The  new  treatment  pond  would  be  constructed  in  a 
contaminated  area  requiring  protective  equipment  for  workers. 
The  flood  impoundment  would  be  constructed  in  an  upstream, 
uncontaminated  area,  and  the  risks  to  the  workers  involved 
in  remediation  would  be  similar  to  that  of  ybrkers  during 
standard  construction  of  similar  facilities*. /%Some  of  the 
inlet  structures  for  the  flood  impoundment  wotild\be  con- 
structed in  contaminated  areas  requiting  protective  equip- 
ment for  workers.  A long-term  environmental  impact  of  con- 
structing the  flood  impoundmenti-would  be  'the  removal  of 
approximately  1,000  acres  of  land-from  use. 


Measures  to  construct  new  wetland:  Areas  may  be  required  in 
order  to  preserve  the  existing  total  amount  of  wildlife 


habitat. 


Planning  for  all  remediation  activities  would  have  to  con- 
sider potential  imp Acts  to  a pair  of  bald  eagles,  protected 
under  the  Endangered, Species  Act,  which  have  previously 
nested  within  the  operable  unit.  The  eagles  have  also  been 
observed  using  the  ponds  as  a source  of  food.  However,  dur- 
ing winter  months  when  the  ponds  freeze  over,  the  eagles 
were  noted  to  have  moved  into  the  Clark  Fork  basin.  Solidi- 
fication would  permanently  remove  the  ponds  as  a source  of 
food  for  the  eagles,  but  the  impacts  should  be  minimal  with 
the  continued  availability  of  local  creeks  and  the  entire 
Clark  Fork  basin.  If  the  eagles  return  to  nesting  within 
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the  ponds  area,  remediation  activities  would  need  to  be 
scheduled  to  minimize  impacts  (e.g.,  during  winter  months). 
With  attention  to  the  necessary  controls,  adverse  impacts  to 
the  eagles  can  likely  be  avoided. 

The  remediation  schedule  for  Alternative  1 is  shown  in  Fig- 
ure 8-1. 


Implement ability.  Reliability,  and  Constructibility 


The  in  situ  solidification  process  proposed/for  Alterna- 
tive 1 has  been  used  with  success  in  Japan  for:  airport  con- 
struction in  marshy  areas,  but  it  is  relatively  new  both  in 
the  U.S.  and  in  hazardous  site  remediation.  Consequently, 
the  ability  of  the  technology  to  adequately  stabilize  the 
contaminated  material  in  the  ponds  carinot^be  stated  without 
qualification.  Ineffective  s t ab i 1 iz ati oh  o r incomplete  mix- 
ing of  the  solidification  agent  :ji?yi:th:  the  sediment  are  two 
concerns  that  would  need  to  :be  addressed  during  design  and 
construction.  The  e f f e c:t ivenes ^ of  the  process  would  be 
investigated  u s ing  .standard  cor ing  techniques  to  take  sam- 
ples of  the  stabililzld,  matSpial.  Should  the  process  fail  to 
adequately  stabilise  the  pond  sludges , the  existing  pond 
berms  would  have  to  be^pfotected  against  failure , as  de- 
scribed in  Alternatives  2 and  3.  Should  the  process  fail  to 
sufficiently  limit  the  mobility  of  the  metals  contained  in 
the  sludges  (i.e.,  if  leaching  occurs),  a surface  cap  would 
be  necessary  to  limit  water  infiltration  and  leaching  of 
metals  from  the  stabilized  sediments. 
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The  remaining  components  of  Alternative  1 — the  new  ponds  and 
the  groundwater  interceptor  drains --involve  standard 
construction  practices  that  are  known  to  be  technically  fea- 
sible. Construction  of  these  components  should  not  pose  a 
great  difficulty.  One  potential  problem,  however,  concerns 
the  attainment  of  water  quality  standards  for  aquatic  life 
and  public  health  in  the  effluent  from  the  new  pond.  Varia- 
bility of  the  influent  and  changes  in  weather  can  severely 
affect  the  quality  of  the  effluent  from  a pond  treatment  sys- 
tem. Consequently,  consistent  attainment  of  hhe  design  dis- 
charge limits  may  require  fine  tuning  of  operation  practices 
or  upgrading  the  treatment  system  beyond  .the  scope  of  the 
conceptual  design. 


There  are  three  administrative  feasibility  concerns  associ- 
ated with  Alternative  1.  They  :,inyolve\the  destruction  of 
wetland  and  open  water  wildlife  habitat  as  part  of  the  pond 
solidification  process,  land  ac<|pisition  for  the  upstream 
flood  impoundment,  and  the  discharge  permit  requirements  for 
releasing  treatment  pdhd\;e ff l4ierit,.^;;  Currently,  the  entire 
Warm  Springs  Ponds  .site  is  managed  as  a wildlife  refuge  by 
the  Montana  Department:,  of  Fish,  Wildlife , and  Parks . Stabi- 


lization of  the:,: ponds  anc 
would  sub st ant i a ily^a Iter 


the  construction  of  a new  pond 
the  site,  permanently  destroying 
over  1,200  acres  of : -wetland  and  open  water  wildlife  habitat, 
including  a substantial  amount  of  open  water  used  by  water 
fowl  and  fish.  Because  of  the  impact  on  these  habitats, 
planning  for  the  remediation  needs  to  include  consultation 
with  the  Department  of  Fish,  Wildlife  and  Parks,  U.S.  Fish 
and  Wildlife,  USEPA,  and  the  Army  Corps  of  Engineers. 
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The  site’s  MPDES  permit  has  expired  but  will  continue  to  be 
in  effect  until  a remedy  is  selected  for  the  operable  unit. 
At  that  time,  a new  MPDES  permit  will  be  required. 


All  of  the  materials  and  services  required  to  implement 
Alternative  1 are  generally  expected  to  be  available  as 
needed.  The  largest  quantity  of  material  needed  from  out- 
side sources  will  be  riprap.  If  a reliable  local  source  of 
riprap  is  not  available,  it  will  be  quarried  near  the  site 
specifically  for  the  remediation.  Lime  for  the  surface 
water  treatment  pond  is  available  from  only/bni  source  in 
Montana.  This  source  supplies  the  lime  for  the  current 
treatment  system  and  can  meet  the  spec i f i c a t iond\ ;f o r the  new 
lime  treatment  system.  The  proprietary  equipment  heeded  for 
the  pond  solidification  process  could  take  up  to  9 months  to 
fabricate  and  deliver  to  the  s ite::;  f o 1 lowing  contract  award. 
This  fabrication  time  would  have  to  be  factored  into  the 
remediation  schedule. 


Cost 


Cost  evaluations^ ;i :ihcluding^:  the  assumptions  used,  are  pre- 
sented in  Appendix  D.  A summary  of  the  capital  costs  associ- 
ated with  this  alternative  are  shown  in  Table  8-6.  The 
costs  are  order-of -magnitude  (+50  percent  to  -30  percent) 
estimates.  Capital  costs  are  those  required  to  initiate  and 
construct  the  remedial  action.  Typical  capital  costs 
include  construction  equipment,  labor  and  materials  expendi- 
tures, engineering,  and  construction  management.  Bid  and 
scope  contingencies  are  also  included  in  the  total  capital 
cost . 
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Table  8-6 

WARM  SPRINGS  PONDS  FEASIBILITY  STUDY 
COST  EVALUATION  OF  ALTERNATIVES 
ALTERNATIVE  1 


Cost  Extensions 
Including  Excess  Labor 
Work  Item  Description Costs  Due  to  Waste 


MSA- 2: 

Stabilize/Solidity  Pond  Sediments 

$1,243,504,000 

MSA- 4: 

Remove  and  Dispose  of  Contaminated 

Surface  Soils  Along  Mill-Willow  Bypass 

1,365,000 

MSA-5C : 

Construct  a New  Treatment  Pond 

7,708,500 

MSA-6A: 

Construct  an  Upstream  Flood 

Impoundment 

/■y  19,973,500 

MSA- 10: 

Excavate  Tailings  Deposits  and  Contam- 

inated  Soils  from  Areas  Below  Pond  1 ; 

Disposal  in  Pond  1,  2,  or  3 ./’"V” 

\ 'V  372,000 

MSA- 12: 

Groundwater  Collection  In  and  Below./" 

Pond  1 With  Treatment  in  Pond  3/" 

•i-  1.510.000 

Subtotal 

Alternative  1 

1,274,433,000 

o Hazardous  Waste  Protection  Costs\  V""!:™.. 

13.680.000 

1,288,113,000 

o Division  1 Costs  @ 11%  qf  Tbt,aia 

159.205.000 

1,447,318,000 

o 15% 

Contingency  .^ssns..  C 

217.098.000 

ESTIMATED  CONSTRUCTION  COST  \ 

$1,664,416,000 

Engineering  Design  J 

4,000,000 

Services  DiiT:ihg:  Construction 

7,000,000 

Administrative  and  Legal 

3.000.000 

TOTAL  PROJECT  COST  SI . 679 . 000 . 000 


aDivision  1 costs  include  allowances  for  general  conditions,  mobiliza- 
tion, permits,  bond,  insurance,  and  winter  protection  costs. 
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Projected  annual  operation  and  maintenance  costs  for  Alterna- 
tive 1 are  presented  in  Table  8-7.  These  costs  are  neces- 
sary to  ensure  the  continued  effectiveness  of  a remedial 
action.  Included  are  such  items  as  labor,  materials,  resi- 
due disposal,  insurance,  taxes,  etc. 


Table  8-7 

ANNUAL  OPERATION  AND  MAINTENANCE  COSTS 
FOR  ALTERNATIVE  1 

Description Annual  Cost 

Labor  and  Materials  $ 90,000 

Chemicals  and  Power  \ 120, 000 

Sampling  and  Testing  J5 ,000 

Equipment  Replacement  Reserve/  V'48 ,000 

Site  Review  10 . 000 

TOTAL  $283 , 000 


The  feasibility  level  cost  estimates  shown  have  been  pre- 
pared for  guidance  in  project  evaluation  and  implementation 
from  the  information  available  at  the  time  of  the  estimate. 
The  final  costs  o;F  the 1 : p r 6 j e c t will  depend  on  actual  labor 
and  material  cqsts , actual  site  conditions,  productivity, 
competitive  market  conditions , final  project  scope  and  sched- 
ule, the  firm  selected  .for  final  engineering  design,  and 
other  variable  factor's.  As  a result,  the  final  project 
costs  will  vary  from  the  estimates  presented  here  and 
throughout  this  feasibility  study.  Because  of  these  fac- 
tors, funding  needs  must  be  carefully  reviewed  before  making 
specific  financial  decisions  or  establishing  final  budgets. 

Present  worth  analysis  is  a method  of  evaluating  expendi- 
tures that  occur  over  different  time  periods.  By  discount- 
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ing  all  alternative  costs  to  a common  year  (Year  0) , the 
costs  for  different  alternatives  can  be  compared  on  the 
basis  of  a single  figure  for  each  alternative.  This  single 
figure  represents  the  amount  of  money  in  today’s  dollars 
needed  to  cover  all  the  expenditures  associated  with  an  al- 
ternative. Present  worth  costs  are  calculated  using  a 5 per- 
cent discount  rate  and  a 30-year  estimated  project  life. 

The  present  worth  cost  for  Alternative  1 is  $1,191,500,000. 
Capital  costs  and  long-term  operations  and  maintenance  (O&M) 
costs  are  included  in  the  total  present  worth  , cost . Long- 
term 0&M  costs  are  those  associated  with  maintaining  an 
alternative  after  implementation  is  compldtei;. 


ALTERNATIVE  2 : EXCEEDS  THE  REQUIREMENTS  OF  ARARs 


Alternative  2 is  the  most  comprehensive,  d€  the  alternatives 
that  retain  the  current  pond  t re atmeht::;;i;is  ;y  s t em . It  is  the 
second  of  the  two  alternatives  thkt  exceed  the  requirements 
of  a significant  ARAR  by  providing \f  ull  PMF  protection  to 
the  pond  system.  Additional  ^piiipdnents  include  protecting 
the  pond  system  against  the-  maximum  credible  earthquake 
(MCE);  excavation  andspf f sit#  disposal  of  all  tailings  depos- 
its and  contaminated  soils  above  the  assumed  action  levels 
from  areas  above  Pond 3 And  below  Pond  1 ; capping  Pond  1 ; 
flooding  tailings  deposits  and  contaminated  soils  within 
Pond  2;  and  upgrading  the  treatment  system  in  Pond  3.  It 
also  includes  three  of  the  components  of  Alternative  1:  ex- 

cavation of  all  tailings  deposits  and  contaminated  soils 
along  the  bypass,  construction  of  an  upstream  flood  impound- 
ment, and  installation  of  groundwater  interception  trenches. 
Disposal  of  excavated  bypass  material  would  occur  offsite 
under  this  alternative. 
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Following  the  analysis  of  the  first  two  criteria,  the  analy- 
sis of  the  alternative  components  that  are  the  same  as  for 
Alternative  1 are  not  repeated.  For  the  analysis  of  those 
components  refer  to  the  analysis  of  Alternative  1. 

Overall  Protection  of  Human  Health  and  the  Environment 

Alternative  2 addresses  all  of  the  identified  risks  to  human 
health  and  the  environment  present  within  the  operable  unit 
by  using  measures  designed  to  maximize  the  control  of  the 
risks  without  eliminating  the  current  pond  treatment  system. 

Pond  stability  is  addressed  by  protecting  all  three  ponds 
against  both  a full  MCE  and  a full  PMF/  Thus,  the  pond  bot- 
tom sediments  would  be  protected  against  the  most  extreme 
expectable  conditions.  While  some -damage  ;to  the  pond  berms 
may  still  occur  under  these  ext teme: -conditions , there  would 
be  minimal  risk  of  losing  the  pond1  bottom  sediments  during 
an  earthquake  or  flood  eveht\  | Protection  of  the  pond  berms 
would  continue  for  as  long  as  the  berms  are  properly  main- 
tained and  repaired^----. 

Alternative  2 would  improve  surface  water  quality  for  all 
flows  by  removing  tailings  from  along  the  bypass  and  comp- 
letely upgrading  the:i;pbnd  treatment  system.  All  surface 
water  flows  up  to  the  theoretical  maximum  100-year  flood 
flow  rate  (4,000  cfs)  would  be  treated  in  Pond  3,  which 
would  be  upgraded  to  provide  more  effective  and  more 
consistent  treatment.  Pond  2 would  be  removed  from  the 
treatment  system,  eliminating  the  problem  of  resuspension  of 
sediments  during  high  winds  and  high  flow  rates.  With  the 
upgraded  treatment  system,  most  surface  water  quality 
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exceedances  should  be  avoided  if  the  system  is  designed, 
built,  and  operated  appropriately.  The  potential  life  of 
the  pond  has  been  estimated  at  approximately  70  to  80  years, 
long  enough  to  complete  remediation  on  the  upper  portions  of 
the  Silver  Bow  Creek  site. 


During  flood  flows  between  600  and  4,000  cfs  on  Silver  Bow 
Creek,  the  surface  water  would  be  detained  in  an  upstream 
flood  impoundment  and  released  for  later  treatment  in  Pond  3 
The  flood  impoundment  would  have  adequate  capacity  to  con- 
tain up  to  the  volume  of  a 100-year  flood.  : During  floods 
exceeding  the  design  capacity  of  the  impoundment , 4,000  cfs 
or  8,000  acre- feet,  a portion  of  the  flow  would  be  routed 
around  the  impoundment  to  protect  the  impoundment1  from 
damage  due  to  overfilling.  The  majority  ..(approximately 
80  percent)  of  suspended  so lid^  would  settle  out  in  the 
impoundment.  The  flow  e qua 1 i z a t i orr-c apac i ty  provided  by  the 
impoundment  would  allow  treatment  of/ dissolved  metals  for 
all  flood  flows  up  to  a /i 00 -year  event . The  flood  impound- 
ment would  significantly  Oeduee  the  potential  for  the 
recontamination  o f the -jbypaSs  by  settled  tailings,  and  the 
continued  transport  of /tailings  into  the  Clark  Fork  Basin 
during  most  flows.% 


Alternative  2 calls  for  contaminated  groundwater  to  be  col- 
lected both  in  and  below  Pond  1.  The  groundwater  would  then 
be  pumped  to  the  Pond  3 inlet  for  treatment  in  the  pond 
system.  This  would  reduce  the  discharge  of  metals  loading 
into  the  Clark  Fork  River  and  should  enable  compliance  with 
primary  MCLs  for  groundwater  at  the  downgradient  edge  of  the 
most  downgradient  waste  management  unit. 


Excavating  the  contaminated  soils  and  tailings  deposits 
wherever  possible  and  disposing  them  in  an  offsite  RCRA 
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treatment,  storage,  and  disposal  facility  (TSDF)  would  perma 
nently  remove  their  associated  hazards  from  the  site,  effec- 
tively isolate  the  tailings  and  soils  from  direct  contact, 
and  limit  their  mobility.  However,  offsite  disposal  of 
untreated  material  introduces  a number  of  inherent  risks, 
including  transportation  and  disposal  liability.  Offsite 
disposal  would  not  reduce  the  toxicity,  volume,  or  persis- 
tence of  the  material  itself. 


All  of  the  components  of  Alternative  2 are  technically  feas- 
ible. They  would  also,  with  the  appropriate  design,  mainten 
ance,  and  operation,  reliably  reduce  the  risks  for  which 
they  are  proposed.  Increased  risk  to  the  surrounding  envir- 
onment and  community  during  construction  could  be  minimized 
by  appropriate  construction  safety  standards . 


Compliance  with  ARARs 


Within  the  conditional 
tive  2 should  result  ih 
federal  ARARs  identified 


s\de fined  below,  Alterna- 
iHwith  all  the  state  and 
•X  the  operable  unit. 


Stabilizing  the -pond  berms  against  a full  PMF  would  exceed 
the  requirements  of  the  Montana  ARARs  for  protecting  the 
pond  system  against  flooding . Constructing  an  8,000  acre- 
foot  flood  control  impoundment  and  the  comprehensive  upgrade 
of  the  pond  treatment  system  should  result  in  effluent  com- 
pliance with  ambient  and  point  source  discharge  surface 
water  quality  standards  at  flows  up  to  a 100-year  flood 
event  and  with  Montana  requirements  for  floodplain  manage- 
ment. Excavating  and  moving  tailings  deposits  and  contami- 
nated soils  from  the  Mill-Willow  Bypass,  above  Pond  3,  and 
below  Pond  1 to  an  offsite  disposal  facility  and  capping 
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Pond  1 (with  its  waste  in  place)  would  comply  with  state  and 
federal  siting  criteria  for  solid  and  hazardous  waste 
disposal  and  would  satisfy  pertinent  RCRA  requirements  for 
closure  of  a hazardous  waste  management  facility.  Pumping 
and  treating  groundwater  would  result  in  compliance  with 
Montana  groundwater  standards.  Table  8-4  presents  a 
complete  summary  of  this  alternative’s  compliance  with  all 
ARARs  identified  by  MDHES  and  USEPA. 


The  actions  proposed  in  Alternative  2 could  result  in  ad- 
verse effects  on  wetlands,  endangered  species f and  histori- 
cal resources.  To  mitigate  these  impacts, .consultation  with 
state  and  federal  resource  agencies  willJbe  required. 


Long-Term  Effectiveness 


Alternative  2 addresses  the  identified  risks  at  the  site  by 
using  measures  intended  to  limit\ or  rembve  the  risks.  The 
primary  risk  at  the  siteV:€he  |JL9  million  yards  of  sediments 
in  the  treatment  ponds ^ilN3pid!^;e':^H’dressed  by  raising,  flat- 
tening, and  armoring- the 'existing  berms  around  the  ponds. 
This  would  p r o t ec  t : : t he  ma.t e tia  1 in  the  ponds  from  the 
impacts  of  a maximum  credible  earthquake  (MCE)  or  a probable 
maximum  flood  (PMF);  ,Srsducing  the  likelihood  of  catastrophic 
pond  failure  and  the ^release  of  pond  sediments. 


Residual  risks  at  the  site,  after  remediation,  would  result 
from  the  continued  existence  of  the  pond  bottom  sediments, 
the  continued  operation  of  Pond  3,  and  the  development  of 
the  new  flood  impoundment.  Because  they  would  remain  in  an 
untreated  form,  the  sediments  could  still  migrate  from  the 
site  in  a dissolved  or  suspended  form  under  some  conditions. 
Sediments  present  in  Pond  1 would  be  contained  beneath  a cap 


4 


8-42 


designed  to  limit  contact  and  infiltration.  However,  if  the 
cap  were  not  maintained,  erosion  could  result  in  a release 
of  the  material  beneath  the  cap. 

The  sediments  and  sludges  in  both  Ponds  2 and  3 would  be  sub 
merged  but  otherwise  unmitigated.  Releases  of  dissolved 
metals  to  the  surface  waters  or  the  groundwater  could  occur 
as  a result  of  changes  in  water  chemistry,  and  resuspension 
of  the  metal  sludges  could  occur  as  a result  of  high  winds 
or  high  water  flows  in  the  system. 

With  the  appropriate  design,  construction,  operation,  and 
maintenance,  the  modified  Pond  3 treatment  system  proposed 
for  Alternative  2 should  be  able  to  me^et  the  appropriate 
water  quality  standards  during  all  flows  up  to  the  theoreti- 
cal maximum  100-year  flood  f low r irate  oh%|5ilver  Bow  Creek 
(4,000  cfs) . The  operation  and\maintehanee  tasks  for  Pond  3 
would  be  the  same  as  described  for  the  new  pond  in  Alterna- 
tive 1.  The  projected  pond  "life  Zot  Pond  3 under  the  pro- 
posed operating  condit loiis.  is-  approximate ly  70  to  80  years . 
The  entire  Silver  Bow  Creek "Site  is  proj ected  to  be  reme- 
diated before  that  "time. \ The,  pond  treatment  system  would 
then  no  longer  be  needed. I 

Reduction  of  Toxicity:,  Mobility , Volume,  Persistence,  and 
Propensity  to  Bioaccumulate 

The  process  proposed  in  Alternative  2 to  stabilize  the  pond 
berms  would  address  the  primary  threat  at  the  site  by  provid 
ing  improved  containment  of  the  19  million  cubic  yards  of 
sediments  and  sludges  in  the  ponds.  This  would  prevent  a 
catastrophic  release  of  the  sediments  and  sludges  and  limit 
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the  mobility  of  this  material  from  the  site  except  under 
extreme  conditions.  Capping  Pond  1 would  further  reduce  the 
possibility  of  release  by  isolating  the  material  from  the 
forces  of  weather. 

The  proposed  processes  to  stabilize  and  isolate  the  sedi- 
ments and  tailings  would  not  reduce  the  toxicity  or  volume 
of  the  material.  Flooding  the  material  in  Pond  2 would 
reduce  the  possibility  of  wind  release  and  inhalation,  but 
would  not  substantially  limit  the  mobility  of  the  sludges 
near  the  surface.  Dissolved  releases  from  Pond  2 could 
still  occur,  though  the  potential  for  such  releases  would  be 
greatly  reduced  by  removing  the  pond  from  the  treatment  sys- 
tem and  restricting  the  flow  through  the  pond.  Flooding  cur- 
rently dry  areas  in  Pond  2 may  also  affect  the  quality  of 
the  groundwater  beneath  the  pond  ^i::h-:,Qr oundwa t e r trenches 
planned  for  Pond  1 would  in t e r c e:p t : thi g houndwa t e r and  pump 
it  to  Pond  3 for  treatment.-^ 

4 

The  improved  surface  wdt ex  and  : g f oiindwa t e r treatment  systems 
would  reduce  the  tpxieitySpi:, water  leaving  the  operable 
unit . Gr oundwater/co riedt ion  would  reduce  the  mobility  of 
the  contaminated .groundwater . 

Excavation  and  of f site  disposal  of  the  tailings  from  along 
the  bypass,  above  Pond  3,  and  below  Pond  1 would  eliminate 
direct  contact  with  the  tailings.  The  mobility  of  the 
tailings  (at  their  new  location)  would  be  reduced,  but  not 
their  toxicity,  volume,  or  persistence,  because  the  tailings 
would  be  landfilled  without  treatment.  The  potential  for 
future  recontamination  of  the  bypass  area  would  be  reduced 
by  the  upstream  impoundment,  which  would  remove  the 
settleable  fraction  of  suspended  solids  before  they  reach 


4 
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the  bypass.  Some  potential  for  recontamination  of  the 
bypass  would  still  exist  during  flood  flows  in  excess  of 
4,000  cfs  or  13,000  acre-feet,  but  that  potential  is  small 
because  at  such  high  flow  rates  little  settling  would  be 
expected. 

Short-Term  Effectiveness 

Protection  of  the  ponds  against  a PMF  and  an  MCE  would  take 
approximately  two  construction  seasons.  During,  that  time 
the  risks  to  the  Warm  Springs  community  and -the  environment 
posed  by  the  ponds  would  diminish.  The  overall:  protective- 
ness possible  with  Alternative  2 would  hot  be  attained  until 
the  project  had  been  completed.  The  potential  for  increased 
risk  to  either  the  community  or  the  environment  during  the 
berm  stabilization  process  is  limited . -Remediation  contrac- 
tors would  be  at  risk  from  exposure-  to  and  inhalation  of 
contaminants  during  foundation  excavation  and  associated 
tasks.  These  risks  would,,  be% cont rolled  by  using  protective 
equipment  as  necessary  !lv 

The  reconstruct treatment  system  in  Pond  3 would 
take  1 to  2 years  to  complete.  Because  it  is  needed  for 
treatment,  the  pond  Would  be  kept  online  during  the  process. 
This  may  result  in  temporary  releases  of  dissolved  metals 
and  suspended  solids,  and  periodic  exceedances  of  water  qual- 
ity standards  by  the  pond  discharge.  This  would  affect  the 
surface  water  environment  but  would  have  no  impact  on  the 
Warm  Springs  community.  The  releases  from  the  pond  would 
also  be  less  significant  than  if  the  pond  were  removed  from 
service  during  remediation,  which  would  require  routing  the 
contaminated  creek  flows  to  the  Clark  Fork  River  without 
treatment . 
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Excavation  and  offsite  disposal  of  exposed  tailing  above  the 
designated  action  level  would  take  approximately  2 years. 

The  material  would  be  sent  to  a RCRA  facility  in  Idaho  via 
rail. 


The  environmental  impacts  to  the  ponds  resulting  from  the 
upgrading  of  the  pond  treatment  system  would  be  minimal 
because  neither  Pond  2 nor  Pond  3 would  be  substantially 
affected  by  the  changes.  Although  Pond  2 would  be  removed 
from  the  treatment  system,  the  current  water  level  would  be 
maintained  to  isolate  the  pond  bottom  sediments.  A minimal 
flow  would  continue  through  the  pond  to  prevent  the  buildup 
of  salts.  The  low  volume  of  effluent  from  Pond  2- would  be 
released  to  the  bypass. 


Planning  for  all  of  the  r eme d i a 1" act iv i t i es  would  have  to 
consider  potential  impacts  to  dip-ait:  of  bald  eagles  that 
have  previously  nested  within  the  ^operable  unit.  The  pair 
is  not  presently  nesting  iri'tk®  area , but  they  continue  to 
be  sited  in  the  areas  ar  dnnd  -the  pond s and  the  bypass.  If 
the  pair  returns  tp : he  s t ingf^dn  the  area,  remediation  schedul- 
ing would  have  to  be  revised,  to  minimize  potential  impacts . 
This  follows  f oh  all  of 1 the  remaining  alternatives . 


The  upgrade  of  the  treatment  system  proposed  for  Alterna- 
tive 2 would  greatly  affect  the  bypass,  because  all  surface 
water  entering  the  site  would  be  directed  into  Pond  3.  The 
bypass  would  be  dry  under  normal  conditions  from  the  Pond  3 
inlet  to  the  Pond  3 outlet.  Only  during  flows  above  the 
capacity  of  the  flood  impoundment  (4,000  cfs  or  13,000  acre- 
feet)  would  that  portion  of  the  bypass  receive  water.  This 
would  eliminate  the  fishery  along  that  portion  of  the 
bypass . 
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Capping  Pond  1 would  take  approximately  one  year  to  complete. 
While  it  is  not  likely  that  this  would  pose  any  additional 
threat  to  either  the  community  or  environment,  it  would 
substantially  alter  the  current  environment  of  Pond  1.  In- 
stead of  being  partially  wetland  and  partially  grassland, 

Pond  1 would  become  an  entirely  vegetated  area.  This  would 
eliminate  more  than  100  acres  of  wetland  habitat. 


The  remediation  schedule  for  Alternative  2 is  shown  in  Fig- 
ure 8-2. 


Implement ability , Reliability,  and  Constructability 


It  is  feasible  in  Alternative  2 to  protect"  the  existing  pond 
berms  against  a PMF  and  an  MCE.  The-current  uncertainties 
involve  the  lack  of  knowledge  regard ing\ shi t ab le  foundation 
material  under  the  berms,  the  inside.  Slope  angles  of  the 
berms,  and  the  actual  value  of  tha  maximum  credible  earth- 
quake. A preliminary  investigation:  o f the  base  material 
beneath  the  surface  s o ils,,  iridic  a te  s that  the  material  would 
be  suitable  as  a foundation^,  but  this  would  have  to  be  inves- 
tigated further  during":: the  design  phase . 


Upgrading  the  treatment  system  in  Pond  3 should  also  be  rela- 
tively straight forward!  One  potential  difficulty  would 
involve  constructing  a stable  berm  down  the  middle  of  Pond  3 
on  the  10  to  15  feet  of  sediments.  Special  design  or  materi- 
als considerations  may  be  necessary  to  achieve  a stable  berm. 
This  will  have  to  be  investigated  further  during  design. 
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All  of  the  equipment  needed  in  Alternative  2 to  upgrade  the 
pond  treatment  system  should  be  readily  available.  The 
other  equipment  and  supplies  are  either  available  or  would 
be  fabricated  specifically  for  the  site.  Riprap  for  the 
berm  would  either  be  obtained  locally  or  quarried 
specifically  for  the  remedial  effort.  The  lime  needed  to 
operate  the  treatment  system  is  available  from  within 
Montana. 


Disposing  of  the  contaminated  soils  and  tailings  excavated 
from  the  bypass  area,  below  Pond  1,  and  Pond  3 at  an  offsite 
facility  would  be  difficult  and  costly.  .Approximately 
160,000  cubic  yards  of  material  would  have  to  be  transported 
and  disposed  of.  The  nearest  offsites  treatment,  storage, 
and  disposal  facility  (TSDF)  able  to  "accept  the  waste  from  a 
federal  Super fund  site  is  Envirdsafe  Services,  Inc.,  near 
Boise,  Idaho.  This  is  approximately::  480  miles  from  the 
site,  requiring  a 960 -mi le  : Eopnd i hr ip  per  load.  The  lowest 
cost  transportation  would .be^lly  rail.  This  would  require 
construction  of  a sidihg  :f:Qr  loading  the  cars  and  would  take 
up  to  2 years  to  c< 


Capping  the  material  in jPond  1 with  a RCRA-equivalent  cap 
would  be  a feasible  process  for  Alternative  2 . Capping  is  a 
well-defined,  extensively  used  process  well  suited  for  the 
material  at  the  Warm  Springs  Ponds.  The  primary  concern 
regarding  the  implementation  of  a RCRA-equivalent  cap  over 
Pond  1 would  involve  the  local  availability  of  suitable 
construction  materials  including  agricultural  lime  (ag-lime) 
and  clay.  The  cap  would  not  include  a flexible  membrane 
liner.  A preliminary  survey  indicates  that  the  necessary 
materials  should  be  available,  but  not  necessarily  locally. 
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Cost 


4 

Detailed  cost  estimates,  including  the  assumptions  used,  are 
given  in  Appendix  D.  A summary  of  the  capital  costs  associ- 
ated with  this  alternative  are  shown  in  Table  8-8.  Annual 
operation  and  maintenance  costs  are  presented  in  Table  8-9. 

These  costs  are  order-of-magnitude  (+50  percent  to  -30  per- 
cent) estimates. 


The  present  worth  cost  calculated  for  Alternative  2 is 
$241,500,000.  Present  worth  was  calculated- using  a 
5 percent  discount  rate  and  a 30-year  project  life . Both 
capital  costs  and  long-term  operation  ahcT maintenance  (O&M) 
costs  are  included  in  the  total  present  worth  cdst . 


ALTERNATIVE  3:  COMPLIES  WITH  ARARs 


Alternative  3 is  similar  t p;:;;;.Al t dr%etiy:e:  2 . The  modifica- 
tions between  it  and  Alternative  2 ^increase  its  implement abi- 
lity but  decrease  its  %y:e;rall,:;:p reject ive ness . The 
components  of  Alternative  3tthaJ  are  not  a part  of  Alterna- 
tives 1 or  2 include  pr  bt e ct ing  the  pond  system  against  frac- 
tions of  a probable  maximum  flood  ( instead  of  a full  PMF) , 
construction  of  an  upstream  settling  basin  ( instead  of  a 
flood  impoundment) , ' -and  excavation  with  onsite  disposal  of 
all  contaminated  soils  and  tailings  above  the  assumed  action 
levels  from  areas  above  Pond  3 and  below  Pond  1 (instead  of 
offsite  disposal) . It  also  includes  the  following  compo- 
nents from  Alternatives  1 and  2: 
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Table  8-8 

WARM  SPRINGS  PONDS  FEASIBILITY  STUDY 
COST  EVALUATION  OF  ALTERNATIVES 
ALTERNATIVE  2 


Cost  Extensions 
Including  Excess  Labor 

Work  Item  Description Costs  Due  to  Waste 


MSA-1A:  Stabilize  Pond  Berms  to  Withstand 

A Probable  Maximum  Flood  $ 48,087,000 

MSA-3:  Stabilize  Berms  to  Withstand  a 

Maximum  Credible  Earthquake  11,525,000 

MSA-4:  Remove  and  Dispose  of  Contaminated 

Surface  Soils  Along  Mill-Willow  Bypass  ./  45,116,000 

MSA-5A:  Overall  Upgrade  of  Pond  3 Treatment 

System  ./"V™  17,753,500 

MSA-6A:  Construct  an  Upstream  Flood 

Impoundment  19,399,000 

MSA-9:  Excavate  Exposed  Tailings  and  Cobtam/ 

inated  Soils  from  All  Applicable  Afceas:; 

Disposal  at  an  Offsite  RC&t  'Fteility1^.  39,075,000 

MSA- 12:  Groundwater  Collection  In  ahd::::B:eIbW:;;.;. 

Pond  1 With  Treatment  in  Pdbdh  3 9,893,500 

Subtotal  Alternative  2 190,849,000 

o Hazardous  Waste  Protectioiv:.:Cq:s:t'S::,  2,040, 000 


/ "X.  X X 192,889,000 

o Division  1 CostW^  1 lt^ofi:.  Total a 23 , 840 , 000 

J / 216,729,000 

o 15%  Contingency  32 , 509 , 000 

ESTIMATED  CONSTRUCTION  COST  $249,238,000 

Engineering  Design  4,000,000 

Services  During  Construction  4,000,000 

Administrative  and  Legal  3 , 000 , 000 

TOTAL  PROJECT  COST  $261,000,000 


aDivision  1 costs  include  allowances  for  general  conditions,  mobiliza- 
tion, permits,  bond,  insurance,  and  winter  protection  costs. 
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Table  8-9 

ANNUAL  OPERATION  AND  MAINTENANCE  COSTS 
FOR  ALTERNATIVE  2 


Description 


Annual  Cost 


Labor  and  Materials 
Chemicals  and  Power 
Sampling  and  Testing 
Equipment  Replacement  Reserve 
Site  Review 

TOTAL 


$100,000 

125,000 

15.000 

51.000 

10.000 

$301,000 


o Upgrading  the  treatment 
tive  2) 


system  in  Pond  3 (Alterna- 


o Installation  of  groundwater 
with  treatment  in  Pond  3 


interception  trenches 
2) 


Excavation  o&:'pi 
nated  soils  from 


failings  deposits  and  contami- 
along  the  bypass  (Alternative  1) 


Capping ,-Pond\i'\an’d«=;tlooding  Pond  2 (Alternative  2) 


The  analysis  of  the  alternative  components  that  are  also 
parts  of  Alternative  1 and/or  2 are  not  repeated.  For  an 


analysis  of  those  components  refer  to  the  alternative  in 
which  they  first  appear.  Table  8-2  provides  a summary  of 
Alternative  3. 


Overall  Protection  of  Human  Health  and  the  Environment 

Alternative  3 addresses  the  identified  risks  to  human  health 
and  the  environment  at  the  site  with  measures  designed  to 
control  or  eliminate  the  risks. 

Pond  stability  is  addressed  by  protecting  the  ponds  against 
both  the  MCE  and  fractions  of  the  PMF.  The  least  protected 
of  the  ponds,  Pond  1,  would  be  protected  against  the  flow  of 
a 0.2  PMF , approximately  six  times  the  value  of  the  theoreti- 
cal maximum  100-year  flood  flow  (29,000  cfs /versus 
4,900  cfs) . Pond  2 would  be  protected  against  a 0.3  PMF. 

Pond  3 would  be  protected  against  a 0 . 5 PMF . Only  under 
extreme  flooding  conditions  would  the  stability  b:£  the  pond 
berms  be  in  question.  Protection  of  the  pond  berms  would 
continue  for  as  long  as  the  berms-:  are  properly  maintained 
and  repaired. 

Alternative  3 would  improve  -sur  f ae  e.  water  quality  for  all 
flows  up  to  100-year  flood  flows^: of  4,000  cfs  or  13,000  acre- 
feet  by  removing  taHihgs  from  along  the  bypass , completely 
upgrading  the  e^istlhg,  pond;,: tr e a tment  system,  and  construct- 
ing an  upstream  settling  basin.  All  surface  water  flows  up 
to  600  cfs  would  be  treated  in  Pond  3 , which  would  be  up- 
graded to  provide  more" effective  and  more  consistent  treat- 
ment. Up  to  2,000  acre-feet  of  flows  in  excess  of  600  cfs 
would  also  be  treated  in  Pond  3.  Pond  2 would  be  removed 
from  the  treatment  system,  eliminating  the  problem  of  resus- 
pension of  sediments  during  high  winds  and  flow  rates.  With 
the  upgraded  treatment  system,  most  of  the  surface  water 
quality  violations  should  be  avoidable.  The  future  life  of 
Pond  3 has  been  estimated  to  be  between  70  and  80  years. 
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During  flood  flows  between  600  and  4,000  cfs,  all  surface 
water  from  Silver  Bow  Creek  would  pass  through  an  upstream 
settling  basin  designed  to  remove  suspended  solids  from  the 
flow.  Floods  that  do  not  completely  fill  the  2,000-acre- 
foot  settling  basin  would  be  released  slowly  from  the  basin 
for  treatment  in  Pond  3 at  flows  less  than  600  cfs  maximum. 
Floods  in  excess  of  2,000  acre-feet  would  be  only  partially 
treated  in  Pond  3 (up  to  600  cfs).  The  remainder  of  the 
flows  discharged  over  the  spillway  of  the  settling  basin 
would  be  routed  around  Pond  3 and  flow  down  the  bypass 
without  treatment  for  dissolved  metals.  All  flood  flows  up 
to  4,000  cfs  would  be  routed  through  the  settling  basin, 
which  would  result  in  removal  of  up  to  80 "percent  (weight 
basis)  of  the  suspended  particles.  ;Thus , /Alternative  3 
would  substantially  reduce  the  poteritial  for  future 
recontamination  of  the  bypass  by-se 1 1 lad "tailings  and  reduce 
the  continued  transport  of  tailings  into 'the  Clark  Fork 
Basin.  \ 

Contaminated  g r oundwa te rh -jnov ing  :;£rom  the  site  would  be  col- 
lected in  and  below^Papc^l  .€  It  Would  then  be  pumped  to  the 
Pond  3 inlet  f o r/ tti atmdnt  the  pond  system.  This  would 
reduce  the  discharge  of  metals  loading  into  the  Clark  Fork 
River  and  should  enable  compliance  with  primary  MCLs  for 
groundwater  at  the  Selected  compliance  point. 

Excavating  the  tailings  deposits  and  contaminated  soils  and 
disposing  of  them  under  a RCRA-type  cap  in  Pond  1 would  ef- 
fectively isolate  them  from  direct  contact  and  limit  their 
mobility.  The  cap  would  provide  a barrier  from  ingestion, 
inhalation,  and  runoff.  As  long  as  the  cap  is  maintained, 
the  material  would  be  safe  from  releases  due  to  erosion  of 
the  cap.  Capping  the  material  in  Pond  1 would  not,  however, 
reduce  the  toxicity,  volume,  or  persistence  of  the  material. 


All  of  the  components  of  Alternative  3 are  technically  feas- 
ible. They  would  also,  with  the  appropriate  design,  con- 
struction, operation,  and  maintenance,  reliably  reduce  the 
risks  for  which  they  are  proposed.  Any  increased  risks  to 
the  surrounding  environment  and  community  during  implemen- 
tation can  be  kept  to  a minimum  with  appropriate  containment 
and  construction  safety  measures. 


Compliance  with  ARARs 


Within  the  site  condition  boundaries  defined1  below,  Alterna- 
tive 3 should  result  in  compliance  with  alL.the  state  and 
federal  ARARs  identified  for  the  Warm  Springs  Ponds  Operable 
Unit.  Dam  safety  regulations  and  surface  water  quality 
standards  would  be  satisfied  up  to  lower  flow  rates  in  this 
alternative  than  in  Alternatives-!  and"- 2 


The  actions  proposed  for  Alternative  3 meet  the  Montana 
ARARs  for  protecting  the  pond  system  against  a fraction  of  a 
PMF  and  the  full  MCE.  ^Cbn strut tioh  of  a 2,000  acre- foot 
settling  basin  and  comprehensive  upgrade  of  the  pond 

treatment  system/shOuld '%e'Su{t  in  effluent  compliance  with 
ambient  and  poimt%sourcO  discharge  surface  water  quality 
standards  for  alflflows  4p  to  600  cfs  (the  maximum  capacity 
for  the  treatment  system).  Up  to  2,000  acre-feet  of  flows 
between  600  cfs  and  4,000  cfs  on  Silver  Bow  Creek  would  be 
retained  for  treatment.  Remaining  flows  would  only  be 
treated  by  the  settling  basin  for  suspended  solids.  Once 
the  settleable  fraction  of  the  suspended  solids  is  removed, 
the  water  may  meet  the  water  quality  standards  without 
further  treatment  in  Pond  3.  If  not,  then  the  treatment 
provided  by  this  alternative  would  fail  the  standards  at 
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flows  above  600  cfs.  Silver  Bow  Creek  can  be  expected  to 
exceed  600  cfs  approximately  once  every  2 years. 

Alternative  3 should  comply  with  Montana  groundwater  stan- 
dards, and  would  satisfy  Montana  requirements  for  floodplain 
management.  Excavating  and  moving  tailings  deposits  and  con 
taminated  soils  from  the  Mill-Willow  bypass  to  Pond  1 prior 
to  capping  Pond  1 would  comply  with  state  and  federal  siting 
criteria  for  solid  and  hazardous  waste  disposal  and  could  be 
done  so  as  to  satisfy  pertinent  RCRA  requirements  for 
closure  of  a hazardous  waste  management  facility.  Capping 
or  revegetating  the  contaminated  soils  in-place  could  be 
designed  and  implemented  to  meet  mining  reclamation  ARARs. 

A complete  summary  of  this  alternative’s  compliance  with  the 
state  and  federal  ARARs  is  presented  in  Table  8-4. 

The  actions  proposed  in  Alternative  3:  could  result  in  ad- 
verse effects  on  wetlands , endangered  species , and  histori- 
cal resources.  To  mitigate \these:  potential  impacts,  addi- 
tional consultation  with%state:  and-;f ederal  resource  agencies 
will  be  required  i f^-thi s cleanup  alternative  is  selected. 

Long-Term  Effectiveness! 

Alternative  3 addresses  all  of  the  identified  risks  at  the 
site  by  using  measures  intended  to  limit  or  remove  the  risks 
The  primary  risk  at  the  site,  the  release  of  19  million 
cubic  yards  of  metal-contaminated  tailings  located  in  the 
treatment  ponds,  would  be  addressed  by  protecting  the  pond 
berms  against  failure  due  to  a full  MCE  and  fractions  of  a 
PMF.  This  would  address  the  threat  of  pond  failure  in  all 
but  extreme  cases. 


The  lowest  level  of  pond  berm  protectiveness  in  Alterna- 
tive 3 would  be  20  percent  of  a PMF  for  Pond  1.  The  predic- 
ted flow  rate  at  0.2  PMP  is  29,000  cfs,  approximately  six 
times  the  predicted  maximum  flow  rate  of  a 100-year  flood  in 
the  same  reach  (4,900  cfs).  Consequently,  the  threat  of 
pond  berm  failures  due  to  flooding,  given  the  protectiveness 
of  this  alternative,  would  be  small. 


Residual  risks  would  result  from  the  continued  existence  of 
the  19  million  cubic  yards  of  sediments  and  slpdge  in  the 
pond  system  although  those  risks  would  be  reduced  to  a low 
level.  In  Alternative  3,  the  sediments  in  the  ponds  may 
still  be  released  to  the  environment  in  ^ItheK  dissolved  or 
suspended  form  under  extreme  conditions . -This  includes  not 
only  the  sludges  presently  in  the  pdnds,  but  also  all  the 
excavated  soils  and  tailings  from^arouhpl  -the  site  that  would 
be  placed  in  Pond  1 prior  to  c< 


Because  the  material  beneath:  the  Cap  would  be  untreated, 
maintenance  and  p e r i o di  d --dnspe  c tion  of  the  Pond  1 cap  would 
be  necessary.  Maintenance  activities  would  be  directed  at 
preventing  erosidn^cr^deteridlration  of  the  cap.  Periodic 


inspection  and %aintenahc 


e of  the  stabilized  pond  berms 


would  also  be  necessity  to  ensure  continued  protection. 


For  this  feasibility  study,  the  upstream  settling  basin 
would  be  sized  to  capture  tailings  carried  down  Silver  Bow 
Creek  during  flows  above  the  capacity  of  the  pond  treatment 
system  (600  cfs)  to  an  upper  limit  flow  of  4,000  cfs.  This 
basin  would  settle  up  to  80  percent  of  the  suspended  solids 
flowing  down  the  creek.  Sedimentation  of  the  remaining 
20  percent  of  the  loadings  could  lead  to  recontamination  of 
the  bypass.  This  is  unlikely,  however,  because  the  basin 


8-57 


would  settle  out  the  coarser  particles,  allowing  only  the 
finer  particles  to  reach  the  bypass.  The  very  fine  materi- 
als that  would  not  settle  in  the  basin  are  unlikely  to 
settle  along  the  bypass  channel  at  flood  flow  rates. 


Alternative  3 would  be  able  to  capture  only  2,000  acre-feet 
of  flood  water  for  later  treatment.  Flood  flows  above  the 
2,000-acre-feet  stored  would  continue  to  bypass  the  pond 
treatment  system  without  treatment  for  dissolved  metals. 


The  operation  and  maintenance  requirements  of  the  settling 
basin  would  primarily  be  upkeep  of  the  mechanical  parts  of 
the  system  and  the  removal  of  settled  sdiids  f o flowing  use. 
The  settled  solids  would  be  collected  for^onsite^disposal  in 
one  of  the  operating  ponds  (Ponds  2 ' Long-term,  low- 
level  contamination  of  the  basins  floor  -should  be  expected. 

Reduction  of  Toxicity,  Mobility^:  Volume, 

Propensity  to  Bioaccttmulate  ==|; 


Persistence,  and 


Protecting  the  poncL.herms^ against  failure  due  to  a full  MCE 
and  fractions  of/a^FMlR  Would  substantially  reduce  the  poten- 
tial mobility  of  the  sludges  in  the  ponds,  although  this 
would  not  affect  thPit-'voliome , persistence,  or  toxicity. 

Only  in  the  extreme  case  of  flooding  above  the  design  floods 
for  Alternative  3 would  the  current  containment  of  the  pond 
bottom  sediments  be  affected. 


Onsite  disposal  of  excavated  soils  and  tailings  beneath  a 
RCRA-equivalent  cap  in  Pond  1 would  reduce  the  mobility  of 
those  materials.  The  materials  would  be  taken  from 
currently  exposed  areas  along  the  bypass,  and  above  and 
below  the  pond  system.  The  RCRA-equivalent  cap  on  Pond  1 


would  prevent  direct  contact  with  the  material.  The  pond 
bottom  sediments  in  Ponds  2 and  3 would  remain  covered  by 
water  but  would  not  be  completely  immobilized  against  wind 
and  water  action. 

The  toxicity,  volume,  persistence,  and  propensity  to  bioaccu- 
mulate of  the  pond  bottom  sediments  and  the  tailings  depos- 
its and  contaminated  soils  would  not  be  altered  by  the  pro- 
posed actions  of  Alternative  3. 

The  upstream  settling  basin  would  address  the ^principal 
threat  resulting  from  flood  flows  above  600  cfs,  the  trans- 
port of  tailings  through  the  system  and  into  the\Clark  Fork 
basin,  by  ensuring  that  all  flows  through,  *t  he  reach,  up  to 
the  theoretical  maximum  100-year  f ldod^fTew  of  4,000  cfs, 
are  at  least  treated  for  suspended  so  fid  si-.  (Above 
4,000  cfs,  a fuse  plug  would  wash  ant  and-  a 1 1 subsequent 
flows  would  continue  down  Silver:  Bow  Creek  without  passing 
through  the  settling  basin;}:;  Flows  of  less  than  600  cfs 
and  2 , 000  acre-feet  oft flows  above-  600  cfs  would  continue  to 
be  treated  in  the  pond  system  for  dissolved  and  suspended 
solids . The  s e pt^iftg:i-;b ds ih^pirop o s e d for  Alternative  3 would 
remove  up  to  80  percent!  of  the  suspended  solids  in  flows 
between  600  and  4 , 000  cfs . The  solid  residuals  of  the 
settling  could  be  removed  to  Pond  2 or  3 at  a later  date. 

The  toxicity  and  volume  of  the  solids  would  remain  unchanged 
even  with  disposal. 

Flows  in  excess  of  4,000  cfs  would  bypass  the  settling  basin 
through  the  fuse  plug.  They  would  not  be  treated  in  either 
the  settling  basin  or  Pond  3.  This  may  lead  to  short-term 
water  quality  exceedances  in  the  effluent  from  the  operable 
unit  during  high  flows,  but  it  would  probably  not  have  a 
long-term  impact  on  the  operable  unit. 
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Short-Term  Effectiveness 

( 

It  would  take  approximately  two  construction  seasons  to  pro- 
tect the  pond  berms  against  an  MCE  and  fractions  of  a PMF . 

During  that  time,  the  protectiveness  provided  for  the  down- 
stream community  of  Warm  Springs  and  the  environment  would 
increase.  The  overall  level  of  protectiveness  of  Alterna- 
tive 3 would  not  be  attained  until  construction  had  been 
completed.  The  potential  for  increased  risk  to  either  the 
community  or  the  environment  during  the  berm  stabilization 
process  is  limited.  Remediation  contractors1" wbuld  be  at 
risk  from  direct  contact  and  inhalation  of  cont aminant s 
during  foundation  excavation  and  associated  tasks,.  These 
risks  would  be  controlled  by  using  protective  equipment  as 
necessary. 

Because  it  would  be  built  off- channel-  and  up  stream  of  the 
present  pond  system,  the  settling \basih;  would  not  affect 
either  the  community  of  ;:Warm  Springs  or  the  local  environ- 
ment during  construct f bn\  Risk^to  the  remediation  contrac- 
tors would  be  limited- to  ■-standard  construction  risks  associ- 
ated with  s imi 1 ar  pr bje dt s .The  diversion  and  inlet  struc- 
tures would  be  constructed  in  the  contaminated  stream 
channel.  Precautions  would  be  required  to  avoid  excessive 
additional  contamination  of  the  creek  flows  during  construc- 
tion of  these  features.  The  only  identified  long-term  envi- 
ronmental impact  would  be  the  removal  of  approximately 
500  acres  of  rangeland  from  use.  Construction  of  the  set- 
tling basin  for  Alternative  3 would  take  1 to  2 years  to 
complete . 
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The  remediation  schedule  for  Alternative  3 is  shown  in 
Figure  8-3. 


Implementability,  Reliability,  and  Construct ibility 


Protecting  the  pond  berms  against  an  MCE  and  fractions  of  a 
PMF  would  be  feasible  in  Alternative  3.  The  current  uncer- 
tainties involve  the  existence  of  suitable  foundation  mate- 
rial downstream  of  the  toes  of  the  existing  berms,  the 
nature  of  the  upstream  slopes,  and  the  actual  value  of  the 
maximum  credible  earthquake.  Preliminary  investigations 
indicate  that  the  base  material  beneath  the  .surface  soils 
would  be  adequate,  but  this  will  have  tdCbe  verified  during 
the  design  phase.  The  materials  and  construction  of  the 
upstream  slopes,  and  the  maximum  credible  earthquake  also 
will  have  to  be  determined  during::;;;the  design  phase. 


The  availability  of  suitable  riprap  and  fill  material  for 
the  stabilization  process  may  affect  the  implementation  of 
Alternative  3.  At  thi$  time ,;;,;,no;::jsui t ab le  local  source  of 
riprap  has  been  identified. C'  But:,  if  necessary,  a quarry 
could  be  opened  th# material  specifically  for  this 

task.  Land  acquisition'!: would  be  required  for  the  upstream 
settling  basin. 


Cost 


Detailed  cost  estimates,  including  the  assumptions  used,  are 
given  in  Appendix  D.  A summary  of  the  capital  costs  associ- 
ated with  this  alternative  are  shown  in  Table  8-10.  Annual 
operation  and  maintenance  costs  are  presented  in  Table  8-11. 
These  costs  are  order-of-magnitude  (+50  percent  to  -30  per- 
cent) estimates. 
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Table  8-10 

WARM  SPRINGS  PONDS  FEASIBILITY  STUDY 
COST  EVALUATION  OF  ALTERNATIVES 
ALTERNATIVE  3 


Work  Item  Description 


Cost  Extensions 
Including  Excess  Labor 
Costs  Due  to  Waste 


MSA- IB: 

MSA- 3: 

MSA- 4: 

MSA-5A: 

MSA-6B 
MSA- 10: 

MSA- 12: 


Stabilize  Pond  Berms  to  Withstand 
Flood  Flows  Less  Than  the 
Probable  Maximum  Flood 
Stabilize  Berms  to  Withstand  a 
Maximum  Credible  Earthquake 
Remove  and  Dispose  of  Contaminated 
Surface  Soils  Along  Mill-Willow  Bypass; 
Overall  Upgrade  of  Pond  3 Treatment./' 
System 

Construct  an  Upstream  Settling  Basin 
Excavate  Exposed  Tailings  and  Contain  /' 
inated  Soils  from  All  Applicable  Afeeabij 
Disposal  at  an  Onsite  Non-)RCI^  Fac ility 
(Pond  1) 

Groundwater  Collection  In  and1:  Be:lpW:;; 
Pond  1 With  Treatment  in  Pond  'tfjF 


Subtotal  Alternative  3 

o Hazardous  Waste  Ppafcactian  Costs 

o Division  1 Cd;s:ts\g  11%  bf|Totala 

o 15%  Contingency  "%.»/’ 

ESTIMATED  CONSTRUCTION  COST 

Engineering  Design 
Services  During  Construction 
Administrative  and  Legal 


$ 7,494,500 

3,000,000 

1,191,000 

lh  5, 8 16, 000 
^ 10,721,000 


14.579.000 
1.930,500 

44.732.000 

1.760.000 

46.492.000 

5.746.000 

52.238.000 

7.836.000 

$60,074,000 

4.200.000 
4,200,000 
3.000.000 


TOTAL  PROJECT  COST 


S7 1.500. 000 


aDivision  1 costs  include  allowances  for  general  conditions,  mobiliza- 
tion, permits,  bond,  insurance,  and  winter  protection  costs. 
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Table  8-11 

ANNUAL  OPERATION  AND  MAINTENANCE  COSTS 
FOR  ALTERNATIVE  3 


Description 


Annual  Cost 


Labor  and  Materials  $ 94,000 
Chemicals  and  Power  130,000 
Sampling  and  Testing  15,000 
Equipment  Replacement  Reserve  51,000 
Site  Review  10 . 000 


TOTAL 


% $300,000 


The  present  worth  cost  calculated  for  Alternative  3 is 
$71,100,000.  Present  worth  was  calculated  usirig  a 5 percent 
discount  rate  and  a 30-year  proj ectLlIfeC/ Capital  costs  and 
long-term  operations  and  maintenance  (0&M)  costs  are  in- 
cluded in  the  total  present  worthf  dc^st  • 

ALTERNATIVE  4:  COMPLIES  B ARARs 


Alternative  4 contains 


of  the  same  components  as  Alter- 
native 3 with  one  : imppirtaht  difference . Tailings  and 
contaminated  sol If  in  the  areas  above  Pond  3 and  below  Pond  1 
and  above  the  actibn  levels  of  250  ppm  arsenic  and  750  ppm 
lead  would  be  capped  In-place  rather  than  excavated  and 
disposed  of  onsite. 


The  other  components  of  Alternative  4 are  also  part  of  one 
or  more  of  the  first  three  alternatives.  The  components  are 
analyzed  against  the  five  primary  evaluation  criteria  as 
part  of  the  evaluation  of  the  alternative  in  which  they 
first  appear.  These  components  include: 


o Protecting  the  pond  system  against  fractions  of  a 
PME  and  a full  MCE  (Alternative  3) 

o Excavation  with  onsite  disposal  of  all  tailings 
and  contaminated  soils  from  along  the  bypass 
(Alternative  1) 

o Upgrading  the  treatment  system  in  Pond  3 (Alterna- 
tive 2) 

o Construction  of  an  upstream  settlihg  basin  for 
flood  flows  (Alternative  3) 

o Installation  of  groundwater  interception  trenches 
with  treatment  in  Pond  3 (Alternative  2) 

o Capping  Pond  1 and  f ipodin^ Pond  2 (Alternative  2) 

Overall  Protection  of  Human  Health  and  the  Environment 

Alternative  4 addressee  the, identified  risks  to  human  health 
and  the  environi^ntf the  site  with  measures  de- 
signed to  controf^pr  remove  the  risks. 

Pond  stability  is  addressed  in  Alternative  4 by  protecting 
the  ponds  against  both  the  MCE  and  a fraction  of  the  PME. 

The  least  protected  of  the  ponds,  Pond  1,  would  be  protected 
against  the  flow  of  a 0.2  PME,  approximately  six  times  the 
flow  of  a 100-year  flood.  Only  under  extreme  flooding  condi- 
tions would  the  stability  of  the  pond  berms  be  in  question. 


I 
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Alternative  4 would  improve  surface  water  quality  for  the 
majority  of  flows  by  removing  tailings  from  along  the  bypass 
and  upgrading  the  pond  treatment  system.  Surface  water 
flows  of  up  to  600  cfs  into  the  operable  unit  would  be 
treated  in  Pond  3,  which  would  be  upgraded  to  provide  more 
effective  and  consistent  treatment.  Pond  2 would  be  removed 
from  the  treatment  system;  Pond  3 discharge  would  flow 
directly  into  the  bypass.  With  the  upgraded  treatment  sys- 
tem most  surface  water  quality  exceedances  should  be  avoid- 
able. 


Surface  water  quality  would  also  be  improved  during  flood 
flows  between  600  and  4,000  cfs  through  the  addition  of  an 
upstream  settling  basin  designed  to  settle  out  approximately 
80  percent  of  the  suspended  solids  loading.  This  would 
reduce  the  potential  for  future;  :::recontaminat ion  of  the 
bypass  by  settled  tailings  and  the  continued  transport  of 
tailings  into  the  Clark  Fork  BaSiin/'./ The  settling  basin 
would  provide  storage  for  2 00  ache-feet  of  water  entering 
the  settling  basin.  The\remaining;  water  would  be  discharged 
over  the  spillway  of^-the' ^settling  basin,  passing  through  the 
operable  unit  w it  4out::-;t  he  a tme  n t in  Pond  3 for  dissolved 
metals. 

Contaminated  groundwater  moving  from  the  site  would  be  col- 
lected in  and  below  Pond  1.  It  would  then  be  pumped  to  the 
Pond  3 inlet  for  treatment.  This  would  reduce  the  discharge 
of  metals  loading  into  the  Clark  Fork  River  and  result  in 
compliance  with  primary  MCLs  at  the  compliance  point. 

Capping  the  contaminated  soils  and  tailings  deposits  in- 
place  wherever  possible  would  effectively  isolate  them  from 
direct  contact  and  limit  their  mobility.  For  as  long  as  the 
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cap  is  maintained,  the  capped  areas  within  the  pond  berms 
would  be  safe  from  erosion.  Adequate  ground  cover  on  top  of 
contaminated  soils  would  provide  a barrier  from  ingestion, 
inhalation,  and  runoff.  However,  the  area  below  Pond  1 
(76  acres)  could  not  reasonably  be  protected  from  erosion 
during  major  floods.  The  costs  of  protecting  a cap  in  a 
floodplain  area  such  as  this  would  be  very  high.  (It  would 
be  cheaper  and  more  effective  to  move  these  materials  to 
Pond  1 and  cap  them  there  where  they  would  be  protected  from 
floods  by  the  pond  berms.)  Flooding  Pond  2 would  reduce  the 
risk  of  direct  contact  but  would  not  reduce  -thd  material’s 
mobility.  Neither  flooding  nor  capping  the  a Oils  and 
tailings  would  reduce  the  toxicity,  volume,  ot,  persistence 
of  the  material. 

All  of  the  components  of  Alternative  4\ar;e  technically  feas- 
ible. With  the  appropriate  design,,  construction,  operation, 
and  maintenance,  they  would,, alsO,  reliably  reduce  the  risks 
for  which  they  are  proposed*,  except,  as  noted  for  the  capped 
area  below  Pond  1.  Any  increased  risks  to  the  surrounding 
environment  and  community, during  implementation  would  be 
minimized  by  containment  and  construction  safety  measures. 

Compliance  with  ARARs 

Within  the  conditional  boundaries  defined  below,  Alterna- 
tive 4 should  result  in  compliance  with  all  the  state  and 
federal  ARARs  identified  for  this  operable  unit.  However, 
dam  safety  regulations  and  surface  water  quality  standards 
would  not  be  satisfied  over  the  same  broad  range  of  flow 
rates  as  under  Alternatives  1 and  2. 


4 


8-67 


The  actions  proposed  would  meet  the  Montana  ARARs  for  pro- 
tecting the  pond  system  against  flooding  and  earthquakes. 
Construction  of  a 2,000-acre-foot  settling  basin  and  the 
comprehensive  upgrade  of  the  pond  treatment  system  should 
result  in  effluent  compliance  with  surface  water  quality 
standards  at  flows  up  to  at  least  600  cfs.  It  is  expected 
that  this  600-cfs  flow  would  be  exceeded  once  every  2 years. 
Up  to  2,000  acre-feet  of  flows  above  600  cfs  would  also  be 
retained  for  treatment.  Remaining  flows  above  600  cfs  would 
be  treated  for  suspended  solids  only.  This  water  may  meet 
the  water  quality  standards  without  further,- treatment . 


Alternative  4 would  comply  with  Mont  ana  r e qu  i f ement  s for 
floodplain  management.  Excavating  arid  moving  tailings  depos- 
its and  contaminated  soils  from  the  Mill-Willow  bypass  to 
Pond  1 prior  to  capping  Pond  1 would  comply  with  state  and 
federal  siting  criteria  for  solid  and  hazardous  waste  dis- 


posal and  could  be  done  so  ,as  tdi;  satisfy  pertinent  RCRA 
requirements  for  closure  of  a hazardous  waste  management 
facility.  A complete  ^summary^pf^aiternative  action  compli- 
ance with  the  stat§;:::;and  federal  ARARs  addressed  in  this  chap- 
ter is  p r e sent ed^:|*i""^al) te  Groundwater  collection  and 


treatment  would:  result  in 
water  standards . 


compliance  with  Montana  ground- 


< 


4 


The  actions  proposed  in  Alternative  4 could  result  in  ad- 
verse effects  on  wetlands,  endangered  species  and  historical 
resources.  To  mitigate  these  potential  impacts,  consulta- 
tion with  state  and  federal  resource  agencies  will  be 
required. 


8-68 


4 


Long-Term  Effectiveness 


Alternative  4 addresses  the  identified  risks  at  the  site  by 
using  measures  intended  to  limit  or  remove  the  risk.  The 
new  component,  capping  contaminated  soil  and  tailings  in 
place,  was  included  to  address  one  of  these  risks. 

Capping  the  majority  of  the  contaminated  soils  and  tailings 
in  place  would  avoid  the  risks  associated  with  excavation 
and  redisposal  of  that  material.  However,  Alternative  4 
would  not  address  the  residual  risks  associated  with  leaving 
1.7  million  cubic  yards  of  soil  and  tailings  untreated  and 
spread  throughout  the  site.  This  is  particularly  relevant 
in  the  area  below  Pond  1.  Monitoring  :and  maintenance 
requirements  would  be  increased  by  keeping  the  material 
spread  out  because  each  area  would  have,  to  be  treated  as  a 
separate  cap. 

Reduction  of  Toxicity,  Mobility,  Volume,  Persistence,  and 
Propensity  to  Bioaccumulate  ^ 

Capping  the  c on paginate & soils  and  tailings  in  place  in  the 
areas  above  and;, below  theij  ponds  would  effectively  reduce  the 
mobility  of  the  mat Sc ial/ except  during  cases  of  extreme 
flooding  in  the  area  below  Pond  1.  It  would  not  affect  the 
material’s  toxicity  or  volume.  It  would  also  isolate  the 
material  to  inhibit  human  and  environmental  exposure.  In 
Alternative  4,  all  of  the  soils  and  tailings  identified  as 
being  above  the  action  level  would  be  contained  under  a cap 
or,  as  in  the  case  of  Pond  2,  under  a water  surface. 
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Short-Term  Effectiveness 


The  protectiveness  against  release  of  contaminated  soils  and 
tailings  would  increase  as  the  capping  project  progressed. 
Capping  all  of  the  areas  involved  would  take  approximately 
2 years.  The  primary  risk  to  the  remediation  contractors 
would  be  from  inhalation  of  dust  and  dermal  contact  with  the 
tailings  and  soils.  This  would  be  controlled  using  appropri- 
ate personal  protective  equipment. 


Capping  the  contaminated  soils  and  tailings,  in  place  would 
temporarily  affect  the  terrestrial  wi 1 d 1 i f e hab i t a t in  the 
areas  around  the  ponds.  However,  the  isolation  of  the  con- 
taminated material  would  improve  the ' quality  of  the  habitat 
and  the  capping  and  revegetation  program  would  return  the 
area  to  terrestrial  habitat  useriNa-... 


The  remediation  schedule  for 
ure  8-4. 


Alternative  4 is  shown  in  Fig- 


Implement  ability  , Reliability,  dnd  Construct ibility 


No  major  difficulties  are 
and  contaminated  soils r in 


expected  with  capping  the  tailings 
place.  The  key  concern  would  be 
the  availability  of ^materials  for  capping  approximately 
325  acres  of  land,  the  total  acreage  with  material  above  the 
action  level. 


Cost 

Detailed  cost  estimates,  including  the  assumptions  used,  are 
given  in  Appendix  D.  Annual  operation  and  maintenance  costs 
are  presented  in  Table  8-12.  A summary  of  the  capital  costs 
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ESTIMATED  PROJECT  SCHEDULE 
FOR  ALTERNATIVE  4 

WARM  SPRINGS  PONDS  OUFS 


Table  8-12 

ANNUAL  OPERATION  AND  MAINTENANCE  COSTS 
FOR  ALTERNATIVE  4 


Description 


Annual  Cost 


Labor  and  Materials  $ 96,000 
Chemicals  and  Power  120,000 
Sampling  and  Testing  22,000 
Equipment  Replacement  Reserve  45,000 
Site  Review  10 . 000 
TOTAL  $293,000 


associated  with  this  alternative  are  showri  ,ip!!iCable  8-13. 
These  costs  are  order-of -magnitude  (+50  "percent  :%o  -30  per- 
cent) estimates. 

The  present  worth  cost  calculated : for  Alternative  4 is 
$77,000,000.  Present  worth  wa & talculat dd r us ing  a 5 percent 
discount  rate  and  a 30-year:  pro jiect  life . Capital  costs  and 
long-term  operations  and"  maintenance  (0&M)  costs  are  in- 
cluded in  the  total  p re  sent : ^p,r  t h cost. 

ALTERNATIVE  5:  SIGNIFICANT  PROTECTION  OF  HEALTH,  WELFARE, 

AND  ENVIRONMENT  i; 

Alternative  5 is  the,  last  of  the  comprehensive  alternatives 
addressing  each  of  the  identified  ARARs  violations  and  human 
health  concerns  identified  for  the  Warm  Springs  Ponds.  It 
differs  from  the  previous  alternatives  in  that  it  proposes  a 
partial  modification  to  the  treatment  system  in  Pond  3, 
rather  than  the  complete  upgrade  identified  in  Alternatives 
2,  3,  and  4,  and  a downstream  wetland  treatment  system  to 
treat  contaminated  groundwater. 


Table  8-13 

WARM  SPRINGS  PONDS  FEASIBILITY  STUDY 
COST  EVALUATION  OF  ALTERNATIVES 
ALTERNATIVE  4 


Work  Item  Description 


Cost  Extensions 
Including  Excess  Labor 
Costs  Due  to  Waste 


MSA- IB:  Stabilize  Pond  Berms  to  Withstand 

Flood  Flows  Less  Than  the 
Probable  Maximum  Flood 
MSA-3:  Stabilize  Berms  to  Withstand  a 

Maximum  Credible  Earthquake 
MSA-4:  Remove  and  Dispose  of  Contaminated 

Surface  Soils  Along  Mill-Willow  Bypass 
MSA-5A:  Overall  Upgrade  of  Pond  3 Treatment./' y 

System 

MSA-6B  Construct  an  Upstream  Settling  Bhsin 

MSA- 7 : Cap  Below  Pond  1,  Within  Ponds 

and  2 , and  Above  Pond  3 
MSA- 12  : Groundwater  Collection  and;' Piling 

to  Pond  3 Inlet  \ 

Subtotal  Alternative  4 

o Hazardous  Waste  Protection  Coisb:s:%i; 

o Division  1 Costfr':'f;::::l^;t'"!Of  Tqthla 


o 15%  Contingency 

ESTIMATED  CONSTRUCTION  COST 

Engineering  Design 
Services  During  Construction 
Administrative  and  Legal 


$ 7,494,500 
3,031,500 

1.027.000 

\ 5,608,250 
^11,111,000 

19.124.000 
1.898.800 

49.295.050 

1.340.000 

50.635.050 
6.257.950 

56.893.000 

8.534.000 

$65,427,000 

4.600.000 

4.600.000 

3.300.000 


TOTAL  PROJECT  COST 


$78.000.000 


aDivision  1 costs  include  allowances  for  general  conditions,  mobiliza- 
tion, permits,  bond,  insurance,  and  winter  protection  costs. 
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The  partial  upgrade  of  the  pond  treatment  system  would  in- 
clude only  specific  pieces  of  the  comprehensive  upgrade  out- 
lined for  Alternatives  2 through  4: 

o Diversion  of  Mill  and  Willow  Creeks  into  Pond  3 
o Modification  of  the  Pond  3 inlet 
o Improved  lime  treatment 


The  other  components  of  Alternative  5 are  also  included  in 
the  first  four  alternatives.  The  components  are  evaluated 
against  the  five  primary  criteria  as  part  o#  the  evaluation 
of  the  alternative  in  which  they  first  appear k;  These  com- 
ponents include : 


Protecting  the  pond  system, against  fractions  of  a 
PMF  and  a full  MCE  (Alternatives) 


Excavation  with  onsite 
soils  and  tailings  from 


of  contaminated 
bypass  (Alternative  3) 


o Construction  of,  an  upstream  settling  basin  (Alter- 
native/! 


In-place  capping  of  all  unvegetated  material 
(soils  and\ tailings)  above  the  assumed  action 
levels  of  250  ppm  arsenic  and  750  ppm  lead,  and 
flooding  such  areas  in  Pond  2 (Alternative  4) 
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Overall  Protection  of  Human  Health  and  the  Environment 

4 

Alternative  5 addresses  the  identified  risks  to  human  health 
and  the  environment  present  at  the  site  with  measures  de- 
signed to  control  or  eliminate  the  risks.  Pond  stability  is 
addressed  by  protecting  the  ponds  against  both  the  MCE  and  a 
fraction  of  the  PMF . The  least  protected  of  the  ponds, 

Pond  1,  would  be  protected  against  the  flow  of  a 0.2  PMF, 
approximately  six  times  the  flow  of  a 100-year  flood. 

Pond  2 would  be  protected  against  a 0.3  PMF.  Pond  3 would 
be  protected  against  a 0.5  PMF.  Only  unde r ;; ;ext r erne  flooding 
conditions  would  the  stability  of  the  pond  berms  be  in  ques- 
tion.  \ 

Alternative  5 would  improve  surface  water Equality  during  for 
flows  up  to  210  cfs  by  removing^ : "tailings  ';;f rom  along  the  by- 
pass and  upgrading  the  pond  t r da tinen t " system.  Because  of 
the  limited  capacity  of  Poij^  2 , the  pond  system 

would  be  limited  to  undet;;::210 1 cf  Si*  \ This  could  result  in  the 
violation  of  water  quality  standards  during  some  above- 
average  flow  event s^shpt^i t\ wi 11  also  prevent  the  resuspen- 
sion and  re lease^Qf1  pani:  bottom  sediments  from  Pond  2.  The 
permanence  of  the  system  could  be  limited  because  the  future 
life  of  Pond  2 has  been  estimated  at  less  than  15  years . 

The  effectiveness  of  i: the  pond  would  continue  to  degrade 
until  it  has  been  removed  from  use. 

Surface  water  quality  would  be  improved  during  flows  greater 
than  210  cfs  through  the  addition  of  an  upstream  settling 
basin  designed  to  settle  out  approximately  80  percent  of  the 
suspended  solids  loading.  Up  to  2,000  acre-feet  of  water 
would  be  detained  in  the  settling  pond  basin  and  could 
slowly  be  entered  into  the  pond  system  for  treatment  (at  up 
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to  210  cfs  total  flow  for  Mill,  Willow,  and  Silver  Bow 
Creeks  and  the  release  from  the  basin) . This  would  offset 
somewhat  the  lack  of  dissolved  metals  treatment  for  above 
average  flows,  and  limit  the  recontamination  of  the  bypass 
and  the  continued  transport  of  tailings  into  the  Clark  Fork 
River. 


Flows  between  210  and  4,000  cfs  that  total  more  than 

2.000  acre-feet  would  be  treated  in  the  settling  basin  for 
suspended  solids  only  before  being  released  to;  the  bypass 
without  treatment  for  dissolved  metals.  Flows  above 

4.000  cfs  would  pass  through  the  ope r ab le  unit:  without 
treatment  for  either  suspended  solids  or ih  dissolved  metals. 


Contaminated  groundwater  moving  froih,  the  .Site  would  be  col- 
lected below  Pond  1 and  treated-d^  an  onMte  wetland  treat- 
ment system.  This  would  restric^^e^diltefiarge  of  further 
metals  loading  into  the  Clark  The  permanence  of 

the  wetlands  system  will  depend  on \the  level  of  maintenance 
undertaken  on  the  syste#*,  .left  alone,  the  system  would 
likely  operate  effectively  for  up  to  10  years.  With  proper 
maintenance,  the  'wetland,  would  have  a life  expectancy  of  70 


to  80  years.  Alternative 
lection  from  within  ^Pond 


5 does  not  include  groundwater  col- 

1. 


Capping  the  tailings  deposits  and  contaminated  soils  in  most 
areas  would  isolate  them  from  direct  contact  and  hinder 
their  mobility.  It  would  not  reduce  the  toxicity,  volume, 
or  persistence  of  the  material. 


All  of  the  components  of  Alternative  5 are  technically  feas- 
ible. With  the  appropriate  design,  construction,  operation, 
and  maintenance,  they  would  also  reliably  reduce  the  risks 
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for  which  they  are  proposed.  Increased  risks  to  the  sur- 
rounding environment  and  community  during  construction  would 
be  minimized  by  appropriate  containment  and  construction 
safety  measures. 

Compliance  with  ARARs 

Under  the  conditions  defined  below,  Alternative  5 would 
result  in  compliance  with  many  of  the  state  and  federal 
ARARs  identified  for  the  Warm  Springs  Ponds  Operable  Unit. 
However,  as  described  below,  certain  significant  ARARs  for 
the  operable  unit  would  not  be  met. 

The  actions  proposed  meet  the  Montana  ARARs  for  protecting 
the  pond  system  against  flooding  and  earthquakes.  However, 
construction  of  a 2,000  a c r e - f oot,,. s e 1 1 1 irig  basin,  with  only 
limited  improvements  to  the  pond  treatment  system,  may  re- 
sult in  regular  violations  ,of  ambient  and  point  source  sur- 
face water  quality  standards,  for  'above  average  flows  since 
flows  in  excess  of  2101Cfs  wquld%,only  be  treated  for  sus- 
pended solids.  Treating %qont amlnated  groundwater  in  an  on- 
site wetland  should  feshlt  'ihj  compliance  with  Montana  ground 
water  quality  Criteria. | However,  wetland  treatment  may  not 
be  as  consistently,,  reliable , especially  during  the  winter, 
as  the  pond  treatment.,, system  proposed  in  Alternatives  1 
through  4.  Excavating  and  moving  tailings  deposits  and  con- 
taminated soils  from  the  Mill-Willow  bypass  to  Pond  1 prior 
to  capping  Pond  1 would  comply  with  state  and  federal  siting 
criteria  for  solid  and  hazardous  waste  disposal  and  could  be 
carried  out  so  as  to  satisfy  pertinent  RCRA  requirements  for 
closure  of  hazardous  waste  management  facilities.  A com- 
plete summary  of  alternative  action  compliance  with  the 
state  and  federal  ARARs  addressed  in  this  chapter  is 
presented  in  Table  8-4. 


8-77 


I 


The  actions  proposed  in  Alternative  5 could  result  in  ad- 
verse affects  on  wetlands,  endangered  species  and  historical 
resources.  To  mitigate  these  potential  impacts,  additional 
consultation  with  state  and  federal  resource  agencies  will 
be  required  if  this  cleanup  alternative  is  selected. 

Long-Term  Effectiveness 


Alternative  5 addresses  the  identified  risks  at  the  site 
with  measures  intended  to  limit  or  remove  the  risk.  The  two 
new  components  in  Alternative  5--a  less  comprehensive  up- 
grade of  the  treatment  system  in  Ponds  2 and  3- and  wetlands 
treatment  of  collected  groundwater- - addf es s specific  risks 
to  human  health  and  the  environment The,  remainder  of  the 
components  have  been  discussed  as  pert  of  one  of  the  first 
four  alternatives. 


The  tasks  identified  for  Alt  e mat iye  :5:: :: a s part  of  the  par- 
tial upgrade  of  the  treatment I system  include  only  those 
items  necessary  to  meet  the/app r opt i a t e ambient  and  point 
source  discharge  standards  for  surface  water  under  normal 
operating  conditibhs:?%  ThiS\ includes  an  improved  inlet  struc- 
ture to  direct  %I:i,  flows  up  to  210  cfs  into  the  pond  and  an 
improved  lime  treatment  system  to  consistently  maintain  an 
adequate  pH  for  treatment  in  the  ponds.  It  also  includes  a 
provision  to  direct  flows  from  Mill  and  Willow  Creeks  into 
the  ponds  for  treatment,  as  long  as  the  combined  flows  of 
the  three  creeks  remain  under  210  cfs.  Alternative  5 does 
not,  however,  reduce  potential  short-circuiting  within 
Pond  3 or  remove  Pond  2 from  the  treatment  system.  Short- 
circuiting  decreases  the  effectiveness  of  the  treatment  by 
decreasing  the  residence  time  in  the  pond. 
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Keeping  Pond  2 in  the  treatment  system  presents  a much 
greater  residual  risk.  Because  it  is  nearly  full  of  sludge 
and  sediment  (average  water  depth  is  2 to  3 feet) , sediments 
are  currently  reentrained  during  periods  of  higher  flows  and/ 
or  high  winds.  Pond  2 appears  to  remove  metals  only  at 
flows  of  less  than  approximately  210  cfs.  Accordingly,  the 
components  of  the  pond  system  upgrade  would  limit  flows  into 
the  ponds  to  below  that  number.  Resuspension  of  the  sedi- 
ments may  still  result  during  periods  of  high  winds. 

The  operation  and  maintenance  requirements  for  the  treatment 
system  in  Alternative  5 would  be  limited  to  ;c leaning  the 
trashrack  as  necessary  and  maintaining,  opdr at ioriSpf  the  lime 
treatment  system.  During  the  winter-  months , lime  would  have 
to  be  brought  to  the  site  and  fed  td\th#, liming  units  every 
couple  of  days.  Within  the  next’  10  to S20:; years , Pond  2 
would  eventually  have  to  be  taken ’offline-,  since  it  would 
continue  to  accumulate  sludge  andlsediinent  for  as  long  as  it 
remains  in  use. 

Periodic  monitoring -would  be  required  to  assess  the  treat- 
ment system’s  effluent:,  apU  "Its  effect  on  local  groundwater. 

The  wetlands  treat^dnt/eystem  would  be  used  to  treat  ground- 
water  collected  in  trench  drains  from  below  Pond  1 prior  to 
discharging  the  water  to  the  Clark  Fork  River.  Trench 
drains  are  only  planned  for  the  area  below  Pond  1 as  part  of 
this  alternative.  Groundwater  exiting  from  the  pond  system 
would  be  captured  in  the  trench  and  conveyed  to  the  wetland. 
Wetlands  treatment  for  metals  removal  is  an  innovative  tech- 
nology and  its  long-term  effectiveness  for  treating  the  con- 
taminated groundwater  is  unknown.  Wetlands  systems  have 


been  used  with  varying  degrees  of  success  in  treating  acid 
mine  drainage  containing  metal  contamination,  including  con- 
centrations much  higher  than  detected  in  the  groundwater  at 
Warm  Springs  Ponds.  Based  on  the  results  obtained  else- 
where, it  is  expected  that  a wetlands  treatment  system  would 
be  capable  of  meeting  the  appropriate  standards  for  the 
contaminated  groundwater  at  this  site. 


There  are  a number  of  difficulties  inherent  to  the  wetlands 
treatment  system.  The  primary  concern  is  that  the  system 
would  not  be  capable  of  meeting  the  designated1" water  quality 
standards  over  the  long  term  without  a substantial  startup 


effort  to  acclimate  the  plant  species  $ 
renewable  biomass.  This  cannot  be  fully  known  until  the 
system  is  in  place  and  operating,  although  wetland  pilot 
studies  would  be  helpful  in  determining,  the  overall 
effectiveness  of  the  system.  A second  ,p rob lem  is  that 
through  the  uptake  of  the  toxic  metals  the  whole  biomass  of 
the  wetlands  will  periodically  have,  to  be  removed  for 
disposal.  Because  o f meta Is  lo ading s , the  biomass  may  not 
be  suitable  for  animal  forage.  Precipitation  of  metals  and 
the  s e d iment a t ion  o £: " hioma b s in  the  wetland  could  lead  to 
increased  c on t amina t ion;:  of  the  soil  and,  potentially,  the 
groundwater  in  that  area.  Ice  formation  and  buildup  in  the 
winter  can  also  lea&ygfd  severe  short-circuiting  and  a 
significant  reduction  in  treatment.  Finally,  because  the 
wetland  would  be  located  in  an  unprotected  area  below 
Pond  1,  the  potential  exists  for  substantial  damage  to  the 
wetlands  during  a flood. 


Because  the  wetlands  system  does  not  include  the  installa- 
tion of  a trench  drain  in  Pond  1,  increased  quantities  of 
contaminated  groundwater  would  continue  to  migrate  from  its 
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source  (Pond  2).  However,  this  groundwater  would  be  cap- 
tured in  the  trench  below  Pond  1 prior  to  migrating  from  the 
site.  The  net  effect  is  likely  to  be  an  increase  in  the 
difficulty  of  dewatering  and  capping  Pond  1. 


Operation,  maintenance,  and  monitoring  of  the  wetlands  sys- 
tem would  be  extensive  during  the  first  few  years.  Once  the 
system  was  established  and  groundwater  standards  were  being 
routinely  met,  all  three  tasks  would  decrease  though 
continue . 


Reduction  of  Toxicity,  Mobility,  Volume, 
Propensity  to  Bioaccumulate 


tence , and 


Modifying  the  pond  treatment  system  would  reduce  the  toxi- 
city of  the  water  flowing  down  Mill , VfiilQw,  and  Silver  Bow 
Creeks  by  reducing  levels  of  met  a 1-  .contaminant  s and  suspen- 
ded solids  loads  in  the  creek  watdr The  system  proposed 
for  Alternative  5 would .:.:;p r o v i d e pond  treatment  for  flows  up 
to  210  cfs.  Flows  ab oVe  ;2 10  eJ : ;ih  excess  of  2,000  acre- 
feet  would  be  treated -for  suspended  solids  only.  The  metals 
removed  from  th%^ohd%s^stem|  would  be  settled  out  as  a lime- 
based  sludge.  The  sludged  would  have  decreased  mobility  but 
increased  volume. \ It  :cbuld  also  resuspend  under  the  right 
conditions  (e . g . , high  winds  in  Pond  2) . 


The  wetlands  system  of  Alternative  5 is  designed  to  reduce 
the  metals  loadings  in  the  groundwater  below  Pond  1.  Once 
operating  to  specifications,  the  wetland  system  is  expected 
to  act  as  a passive  treatment  system,  much  like  the  ponds 
themselves.  The  system  should  be  able  to  treat  all  of  the 
groundwater  to  meet  the  primary  MCLs.  A substantial  portion 
of  the  metals  removed  from  the  water  would  be  transferred  to 
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the  wetland  biomass,  both  plants  and  algae,  where  they  would 
accumulate  until  the  biomass  is  removed  through  death  or 
harvesting. 


Biological  uptake  of  the  material  would  decrease  the  mobil- 
ity and  toxicity  of  contaminants  in  the  groundwater.  The 
volume  of  the  remaining  toxic  material  in  the  effluent  would 
be  substantially  reduced.  However,  the  treatment  residuals 
from  this  process  may  require  special  disposal  because  of 
the  increased  metals  levels  in  the  soils  and  biota.  The 
potential  for  surface  water  discharge  of  the  contaminants 
would  also  increase  through  the  operation  o£  a-,  wet  lands 
treatment  system.  Periodic  cleaning  or  df edging:\and  partial 
replacement  of  the  plant  life  in  the  wetland  may1  .also  be  nec- 
essary in  Alternative  5 to  remove  sediments  with  high  load- 
ings that  have  accumulated.  Leaching  Of  metals  from  the 
sediments  may  result  in  an  increased  groundwater  problem  in 
this  area,  although  the  magnitude  \or-  impact  of  such  a prob- 
lem cannot  be  defined  at  this  time .i. 


Short-Term  Effectiveness 


Neither  of  the  new  components  of  Alternative  5 should  result 
in  substantial  shortterm  risks  to  the  Warm  Springs  commu- 
nity or  the  environment  during  remediation. 


An  improvement  in  water  quality  in  the  Clark  Fork  River 
would  not  be  realized  until  after  the  upgrading  project  had 
been  completed.  This  would  take  approximately  1 year. 


Alternative  5 calls  for  the  wetlands  treatment  system  to  be 
constructed  below  Pond  1 in  an  area  of  tailings  deposits  and 
contaminated  soils.  These  materials  would  be  removed  prior 
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to  construction  of  the  wetlands  as  part  of  the  soils 
1 remediation  component  of  this  alternative.  The  risks  to  the 

Warm  Springs  community  and  the  surrounding  environment 
during  the  actual  construction  and  development  of  the  wet- 
lands are  expected  to  be  minimal.  Environmentally,  develop- 
ment of  a wetlands  system  would  have  a positive  impact  on 
the  operable  unit  because  it  would  replace  the  current  wet- 
land area  established  in  tailings  deposits  and  contaminated 
soils  with  a new,  more  stable  area.  Once  the  tailings  and 
contaminated  soil  were  removed,  risks  to  the  remediation  con 
tractors  would  be  limited  to  standard  construction  risks 
associated  with  similar  projects.  Constructing  a wetland 
treatment  area  would  take  approximately  1 year;  developing 
and  optimizing  the  system  could  take  up  to  5 years. 

In  Alternative  5,  the  environmental  impacts  to  the  current 
ponds  resulting  from  a modification  of  the  pond  treatment 
system  would  be  minimal  since  nci  part  of  the  current  configu 
i ration  would  be  a f f e c t e d . Mp d i f y ing  the  pond  system  would 

greatly  affect  a port ibh  - n f the  byp ass,  however,  since  all 
surface  water  entering,  the  site  Up  to  210  cfs  would  be  di- 
rected into  the  ;;p:on:di%;.  Th#i; bypass  would  therefore  be  dry 
under  normal  conditions | from  the  Pond  3 inlet  to  the  Pond  2 
outlet.  Only  during  flows  in  excess  of  210  cfs  and 
2,000  acre-feet  would .this  reach  of  the  bypass  receive  water 
This  would  eliminate  the  fishery  along  that  portion  of  the 
bypass . 

The  remediation  schedule  for  Alternative  5 is  shown  in 
Figure  8-5. 
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Implement ability , Reliability,  and  Constructibility 

Major  difficulties  are  not  expected  with  the  construction  or 
implementation  of  either  the  modification  of  the  treatment 
system  or  the  wetlands  treatment  system.  But,  effective 
operation  of  the  wetlands  treatment  system  may  prove  diffi- 
cult. Because  it  is  an  innovative  technology  with  limited 
background  information,  the  reliability  of  the  process  for 
long-term  treatment  cannot  be  fully  assessed.  Similar  sys- 
tems treating  acid  mine  drainage  have  had  varying  degrees  of 
success.  A long  optimization  and  implementation  process 
may  be  required  in  order  to  get  the  system  to  operate 
effectively.  \ 


Cost  X.  "V 

Detailed  cost  estimates,  inc luding  the .assumptions  used,  are 
given  in  Appendix  D.  A summa ry  X f . 'the:  :id ap i t a 1 costs  associ- 
ated with  this  alternative  "are  shown  in  Table  8-14.  Annual 
operation  and  maintenance  costs  ere  presented  in  Table  8-15. 
These  costs  are  order- of -magnitude  (+50  percent  to  -30  per- 
cent) e s t ima  t e s ../y* X X 

The  present  wortB\;cost  calculated  for  Alternative  5 is 
$66,300,000.  Present  worth  was  calculated  using  a 5 percent 
discount  rate  and  a 30-year  project  life.  Capital  costs  and 
long-term  operations  and  maintenance  (O&M)  costs  are 
included  in  the  total  present  worth  cost. 
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Table  8-14 

WARM  SPRINGS  PONDS  FEASIBILITY  STUDY 
COST  EVALUATION  OF  ALTERNATIVES 
ALTERNATIVE  5 


Work  Item  Description 


Cost  Extensions 
Including  Excess  Labor 
Costs  Due  to  Waste 


MSA- IB:  Stabilize  Pond  Berms  to  Withstand 

Flood  Flows  Less  Than  the 
Probable  Maximum  Flood 
MSA-3:  Stabilize  Berms  to  Withstand  a 

Maximum  Credible  Earthquake 
MSA-4:  Remove  and  Dispose  of  Contaminated 

Surface  Soils  Along  Mill-Willow  Bypass: 
MSA-5B  Less  comprehensive  upgrade  of  the  Pond- 

Treatment  System 

MSA-6B  Construct  an  Upstream  Settling  Basin 

MSA-7:  Capping  and  Revegetating  Contaminated1 

Soils  and  Exposed  Tailings  in 
Ponds  1 and  3 . Excavate  ReloW^Ppnd 
and  Flood  Pond  2. 

MSA-11:  Groundwater  Collection  and  VetlahcU;,:... 

Treatment  Below  Pond-  \ w 

Subtotal  Alternative  5 

o Hazardous  Waste  Protection  Costs  :i:;: 

o Division  1 Cbd£s%:@  11%  of  : Totala 

o 15%  Contingency 

ESTIMATED  CONSTRUCTION  COST 


$ 7,494,500 
3,031,500 
917,000 


r- 1,484,750 
11,047,000 


13.662.000 
3.948,300 

41.585.050 

1.740.000 

43.325.050 
5.354.950 

48.680.000 

7.302.000 

$55,982,000 


Engineering  Design 
Services  During  Construction 
Administrative  and  Legal 


3,900,000 

3.900.000 

2.800.000 


TOTAL  PROJECT  COST 


$66.600.000 


aDivision  1 costs  include  allowances  for  general  conditions,  mobiliza- 
tion, permits,  bond,  insurance,  and  winter  protection  costs. 
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Table  8-15 

ANNUAL  OPERATION  AND  MAINTENANCE  COSTS 
FOR  ALTERNATIVE  5 


Description 


Annual  Cost 


Labor  and  Materials 
Chemicals  and  Power 
Sampling  and  Testing 
Equipment  Replacement  Reserve 
Site  Review 

TOTAL 


$ 95,000 
120,000 
22,000 

37.000 

10.000 

$284,000 


ALTERNATIVE  6:  SIGNIFICANT  PROTECTION  OF  HEALTH,  WELFARE, 

AND  ENVIRONMENT 


Alternative  6 is  the  only  one  of  the  action  alternatives 
that  does  not  address  each  of  the,  Identified  ARARs  viola- 
tions and  human  health  concerns  1 \ It  is.  also  one  of  two 
action  alternatives  that  do  riot  fully  attain  ARARs.  The 
components  of  Alternative  6 are ^all  components  of  one  or 
more  of  the  first  five  alternatives . The  major  differences 
are  that  1)  the  alterud:tive:  does  not  address  the  transport 
of  contaminated  tailings  down  the  bypass  at  flows  greater 
than  the  capacity:  of  the  /treatment  system,  and  2)  the  action 
proposed  for  isolatinl^ihe  tailings  deposits  and  contami- 
nated soils  around  the  site  that  are  above  the  assumed 
action  levels  would  be  flooding  wherever  possible.  Pond  1 
would  be  capped  and  the  material  along  the  bypass  would  be 
excavated  and  disposed  of  in  Pond  1 prior  to  capping. 

Table  8-2  summarizes  Alternative  6. 
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The  other  components  of  Alternative  6 are  utilized  in  one  or 
more  of  the  first  five  alternatives.  They  are  analyzed 
against  the  five  primary  balancing  factors  with  the  alterna- 
tive in  which  they  first  appear.  These  components  include: 


o Protecting  the  pond  system  against  fractions  of  a 
PMF  and  a full  MCE  (Alternative  3) 


Excavation  with  onsite  disposal  of  contaminated 
soils  and  tailings  from  the  bypass  (Alternative  3) 


A partial  upgrade  of  the  pond  treatment  system 
(Alternative  5) 


o Development  of  an  onsite  Zetland  for  groundwater 
treatment  (Alternative^) 


Retaining  Pond  2 in  the  t r e a tmeht \sy s tern  while  flooding  the 
exposed  sediments  in  the  pondl  coiild  require  some 
modification  of  the  f looding  :ap tidn  as  proposed  under  Media- 
Specific  Action  8.  ,::The  changes  1<rould  be  in  design  only, 
however,  and  would  :hdt:  affect^  the  operation  and/or 
effectiveness  of  the  flooding  action. 


Overall  Protection  of  Human  Health  and  the  Environment 


Alternative  6 addresses  the  majority  of  the  risks  to  human 
health  and  the  environment  identified  in  the  PHEA  by  using 
measures  designed  to  control  or  eliminate  those  risks.  Pond 
stability  is  addressed  by  protecting  the  ponds  against  both 
the  MCE  and  a fraction  of  the  PMF.  The  least  protected  of 
the  ponds,  Pond  1,  would  be  protected  against  the  flow  of  a 
0.2  PME,  equal  to  approximately  six  times  the  flow  of  a 100- 
year  flood.  Pond  2 would  be  protected  against  a 0.3  PMF. 


( 
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Pond  3 would  be  protected  against  a 0.5  PMF . Only  under 
extreme  flooding  conditions  would  the  stability  of  the  pond 
berms  be  in  question. 


I 


Alternative  6 would  improve  surface  water  quality  for  flows 
up  to  210  cfs  by  removing  tailings  from  along  the  bypass  and 
modifying  the  pond  treatment  system.  However,  during  flows 
greater  than  210  cfs,  water  quality  would  be  affected  by  the 
discharge  of  untreated  water  containing  dissolved  and  sus- 
pended metals  down  the  bypass.  Additionally,  in  the  long 
term,  deposition  of  the  suspended  material  may  lead  to 
recontamination  of  the  bypass. 


Contaminated  groundwater  moving  from  the  site  would  be  col- 
lected below  Pond  1 and  treated  in  an  onsite  wetland  treat- 
ment system.  This  would  reduce  : the  discharge  of  further 
metals  loading  into  the  Clark  Ip tk, .River  and  would  result  in 
compliance  with  Montana  groundwater  standards . Adoption  of 
institutional  controls  prohibiting  groundwater  use  could 
prevent  human  consumption  p£ ,'r.e&a lining  contaminated  water. 
Alternative  6 does  not;  inclp.de  groundwater  collection  from 
within  Pond  1 , which  may  hinder  attempts  to  dewater  and  cap 
Pond  1 , but  should  not  affect  the  migration  of  contaminated 
groundwater  from  ;the,  site. 


Flooding  the  tailings  deposits  and  contaminated  soils  would 
minimize  the  threat  of  direct  contact  and  hinder  their  air- 
borne mobility.  The  permanence  of  flooding  would  be  depend- 
ent on  maintaining  the  water  layers  on  the  soil  and  tailings. 
If  not  maintained,  the  material  would  again  become  dried  out 
and  exposed.  Flooding  would  not  provide  long-term  protec- 
tion against  the  mobility  of  metal  contaminants  in  the 
surface  water  or  groundwater  or  reduce  the  toxicity  or 
volume  of  these  materials. 
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All  of  the  components  of  Alternative  6 are  technically  feasi- 
ble. They  would  also,  with  appropriate  design,  construc- 
tion, operation,  and  maintenance,  reliably  reduce  the  risks 
for  which  they  are  proposed.  Increased  risks  to  the  sur- 
rounding environment  and  community  during  construction  would 
be  minimal  if  appropriate  implementation  measures  are 
enacted. 


Compliance  with  ARARs 


Under  the  conditions  defined  below,  Alternative  6 should  re- 
sult in  compliance  with  some  of  the  state  and ^federal  ARARs 
identified  for  the  WSPOU.  However,  as  described -be low, 
certain  significant  ARARs  would  not  be  met;:. 


The  actions  proposed  meet  the  Montana  ARARs  for  protecting 
the  pond  system  against  flooding  "and  earthquakes.  Modest 
improvements  to  the  pond  t tea tment/ sy stem  should  result  in 
effluent  compliance  with  surface  water  quality  standards 
only  at  flows  up  to  210  hf §■* ^Wdter  quality  standards  at  the 
site  would  be  expected,  tol:  result  in  regular  water  quality 
violations  at  f l^s"  ov^f h.  2 10  bf  s . Treating  contaminated 
groundwater  in  hnhi  onsite  Wetland  should  result  in  compliance 
with  Montana  grouhd^ater/quality  criteria.  However,  wetland 
treatment  may  be  as ^consistently  reliable  as  the  pond  treat- 
ment system  proposed  in  Alternatives  1,  2 and  3.  Excavating 
and  moving  tailings  deposits  and  contaminated  soils  from  the 
Mill-Willow  bypass  to  Pond  1 prior  to  capping  would  comply 
with  state  and  federal  siting  criteria  for  solid  and  hazard- 
ous waste  disposal  and  would  satisfy  pertinent  RCRA  require- 
ments for  closure  of  hazardous  waste  management  facilities. 

A complete  summary  of  alternative  action  compliance  with  the 
state  and  federal  ARARs  addressed  in  this  chapter  is  pre- 
sented in  Table  8-4. 
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The  levels  of  remediation  proposed  in  Alternative  6 could 
result  in  adverse  effects  on  wetlands,  endangered  species, 
and  historical  resources  due  to  migration  and/or  redeposi- 
tion of  contaminated  tailings  and  soils.  To  mitigate  these 
potential  impacts,  additional  consultation  with  state  and 
federal  resource  agencies  will  be  required  if  this  cleanup 
alternative  is  selected. 

Long-Term  Effectiveness 

The  long-term  effectiveness  of  Alternative  6 is  most  affec- 
ted by  the  fact  that  not  all  of  the  identified:,  risks  at  the 
site  are  addressed  by  the  alternative . / No  actions  are  taken 
to  reduce  the  transport  of  tailings  from  upstream,  sources 
through  the  pond  system  at  flows  exceeding  210  cfs.  Addi- 
tionally, contaminated  soils  and t a i 1 ing§,  would  be  con- 
trolled using  flooding  to  isolate^ the  material . 

The  lack  of  a media-specific  action  to  address  the  transport 
of  upstream  tailings  would  affect,  the  risk  level  at  the  site 
and  the  long-term  effectiveness -of  the  alternative  during 
above  average  surface^ wapet;:  flows . Tailings  suspended  in 
the  surface  wafer-  could|  deposit  and  resuspend  along  the 
remaining  reach  of.  Silver  Bow  Creek,  in  the  bypass , and  in 
the  Clark  Fork  Rivet../' 


Through  the  deposition  of  suspended  tailings  and  contami- 
nated soils,  areas  of  the  site  previously  cleaned-up  as  part 
of  this  alternative  (i.e.,  the  bypass)  could  be  recontam- 
inated. Long-term  monitoring  and  management  of  the  area 
would  be  necessary  in  Alternative  6 to  assess  recontamina- 
tion and  its  effects.  Frequent  cleanup  and/or  remediation 
along  the  bypass  may  be  required  to  avoid  future  fishkills. 


* 
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Flooding  the  contaminated  soils  and  tailings  above  and  below 
the  pond  system  would  address  the  primary  risk  associated 
with  the  tailings  (health  impacts  resulting  from  inhalation, 
ingestion,  or  dermal  contact)  by  isolating  the  material 
beneath  a water  surface.  This  would  minimize  direct  contact 
and  airborne  dispersion.  However,  the  water  surface  could 
encourage  the  dissolution  of  metal  salts  in  the  surface 
water,  thereby  increasing  the  amount  of  contaminated  water 
on  the  site  requiring  treatment  prior  to  discharge.  The 
water  from  the  flooded  areas  would  need  to  be  directed  into 
the  treatment  pond  following  its  release.  Flooding  would 
also  increase  the  contaminant  loading  to  the  groundwater 
through  leaching.  Migration  of  the  contaminated  .groundwater 
from  beneath  the  flooding  areas  would  occur  in  the  direction 
of  groundwater  flow.  The  berms  constructed  to  create  the 
wetland  below  Pond  1 would  be  susc ep  t ibl S,  t o damage  by 
floods  in  that  area. 


In  Alternative  6,  the  maintenance.;:  and  monitoring  require- 
ments for  the  flooded  :%re:aS:/WQulh  be  minimal.  The  two  pri- 
mary requirements  would  he  to  maintain  a minimal  level  of 
water  over  the  whble'mtea  to  -prevent  a potentially  harmful 


buildup  of  metal  salts  in 
berms. 


the  water,  and  to  maintain  the 


Reduction  of  Toxicity,  Mobility,  Volume,  Persistence,  and 
Propensity  to  Bioaccumulate 


In  Alternative  6,  flows  in  excess  of  210  cfs  would  bypass 
the  pond  system  by  way  of  the  Mill-Willow  Bypass  and  flow 
into  the  Clark  Fork  River  without  treatment  for  either  dis- 
solved or  suspended  solids.  Tailings  could  be  deposited  and 
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resuspended  through  the  entire  reach  of  the  bypass  during 
each  flow  event  routed  around  the  ponds. 

Flooding  the  contaminated  soils  and  tailings  in  the  areas 
above  and  below  the  treatment  ponds  would  reduce  the  threat 
of  inhalation  and  direct  contact,  but  would  not  affect  the 
toxicity,  mobility,  volume,  or  persistence  of  the  materials, 
or  their  propensity  to  bioaccumulate.  The  potential  mobil- 
ity of  the  tailings  deposits  and  contaminated  soils  within 
the  operable  unit  would  be  higher  than  for  any  of  the  other 
five  action  alternatives.  The  flooding  process  could  in- 
crease the  amount  of  surface  water  to  be  treated  for  dis- 
solved metals  in  Pond  3.  Poor  control  df  the  ^ater  level 
could  lead  to  re-exposure  of  the  material.^. 

Short-Term  Effectiveness 

Flooding  the  contaminated  areas  wQuld  not  affect  the  commu- 
nity of  Warm  Springs.  Construction  contractors  would  need 
to  wear  protective  equipment  during  preparation  of  the  areas 
for  flooding  in  order,, tb^prevent  inhalation  and  dermal  expo- 
sure to  the  tailings  iust . \ The  remaining  risks  to  construc- 
tion contractors  should! be  limited  to  standard  construction 
risks.  The  env i f onment ai  impacts  of  the  flooding  process 
would  be  related  to  rhe  alteration  of  wildlife  habitat. 

With  Alternative  6,  approximately  600  acres  of  land  that  is 
currently  divided  between  wetland  and  terrestrial  habitat 
would  become  entirely  wetlands. 

Not  addressing  the  transport  of  tailings  through  the  oper- 
able unit  would  have  no  immediate,  short-term  impact  on 
either  the  Warm  Springs  community  or  the  remediation 


contractors.  The  long-term  environmental  impacts  could  be 
substantial,  however.  The  primary  environmental  impact 
would  be  the  continued  deposition  of  tailings  and  contami- 
nated soil  along  the  bypass  and  in  the  Clark  Fork  Basin. 
Routine  removal  of  newly  deposited  material  would  be  neces- 
sary to  keep  the  bypass  free  of  tailings;  otherwise,  through 
continued  deposition  the  bypass  may  be  recontaminated  to 
such  an  extent  that  fishkills  would  again  be  possible. 

The  remediation  schedule  for  Alternative  6 is  shown  in 
Figure  8-6. 

Implement ability , Reliability,  and  Construct ib ility 

The  constructibility  of  the  flooding, option  proposed  for 
Alternative  6 is  good.  The  reliability:.  Of  flooding  to 
adequately  isolate  the  contaminated,  material  is  less  certain 
than  other  alternatives.  Flooding,  would  minimize  the  threat 
of  direct  contact  with  the  material^  but  it  would  increase 
its  mobility  through  t&eHjsurii&c ter  and  groundwater. 


Detailed  cost  estimates , /including  the  assumptions  used,  are 
given  in  Appendix  DH: ; A summary  of  the  capital  costs  associ- 
ated with  this  alternative  are  shown  in  Table  8-16.  Annual 
operation  and  maintenance  costs  are  presented  in  Table  8-17. 
These  costs  are  order-of-magnitude  (+50  percent  to  -30  per- 
cent) estimates. 
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ESTIMATED  PROJECT  SCHEDULE 
FOR  ALTERNATIVE  6 

WARM  SPRINGS  PONDS  OUFS 


Table  8-16 

WARM  SPRINGS  PONDS  FEASIBILITY  STUDY 
COST  EVALUATION  OF  ALTERNATIVES 
ALTERNATIVE  6 


Work  Item  Description 


Cost  Extensions 
Including  Excess  Labor 
Costs  Due  to  Waste 


MSA- IB:  Stabilize  Pond  Berms  to  Withstand 

Flood  Flows  Less  Than  the 
Probable  Maximum  Flood 
MSA-3:  Stabilize  Berms  to  Withstand  a 

Maximum  Credible  Earthquake 
MSA-4:  Remove  and  Dispose  of  Contaminated 

Surface  Soils  Along  Mill-Willow  Bypassf 
MSA-5B:  Less  Comprehensive  Upgrade  of  Pond  t^hdtmenfe 

system 

MSA-8:  Flooding  of  Contaminated  Soils  atxdf 

Tailings  V 

MSA-11:  Groundwater  Collection  and  Wetland%. 

Treatment  Below  Pond  1 %, 


Subtotal  Alternative  6 

o Hazardous  Waste  Protection,  Costs 

o Division  1 Costs  jg^y.^  ofe,. Td||ala 

o 15%  Contingency 

ESTIMATED  CONSTRUCTION  COST 


Engineering  Desgin 
Services  During  Construction 
Administrative  and  Legal 


$ 7,362,500 

3.129.000 
917,000 

\ 1,484,750 
16,844,250 
4.048.300 

33.785.800 

1.880.000 

35.665.800 
4.408.200 

40,074,000 

6.011.000 

$46,085,000 

3,200,000 

3.200.000 

2.300.000 


TOTAL  PROJECT  COST 


$54.800.000 


aDivision  1 costs  include  allowances  for  general  conditions,  mobiliza- 
tion, permits,  bond,  insurance,  and  winter  protection  costs. 
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Table  8-17 

ANNUAL  OPERATION  AND  MAINTENANCE  COSTS 
FOR  ALTERNATIVE  6 


Description 


Labor  and  Materials 
Chemicals  and  Power 
Sampling  and  Testing 
Equipment  Replacement  Reserve 
Site  Review 


TOTAL 


Annual  Cost 

$ 84,000 
120,000 
22,000 

34.000 

10.000 

i;  $270,000 


The  present  worth  cost  calculated  for  Alternative  6 is 
$55,100,000.  Present  worth  was  calculated  usihg:  b 5 percent 
discount  rate  and  a 30-year  pro j ect\ life.  / Capital  costs  and 
long-term  operations  and  maintenance  (O&M)  costs  are  in- 
cluded in  the  total  present  wot th  dost . 


ALTERNATIVE  7:  NO-ACTION  ALTERNATIVE 


Alternative  7 is  the  no -adtion  alternative  required  by  the 
National  Cont ingericy  .plan . It  is  used  as  a baseline 
alternative  against  which  to"  judge  the  other  alternatives. 
As  the  name  imp  lie  Si, ; this  alternative  does  not  include  any 
remediation  activities/  The  only  activities  assumed  to 
continue  are  those  being  carried  out  by  the  owner  (e.g., 
lime  addition  to  the  influent  during  winter  months  and 
general  maintenance  of  the  site) . 


The  evaluation  of  this  baseline  alternative  has  been  carried 
out  using  only  the  two  primary  evaluation  criteria.  The 
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remaining  criteria  relate  solely  to  the  effectiveness  and 
implement ability  of  remediation  technologies,  and  are  not 
applicable  to  the  no-action  alternative. 

Overall  Protection  of  Human  Health  and  the  Environment 

As  identified  above,  no  remediation  activities  would  be 
undertaken  as  part  of  Alternative  7.  Accordingly,  there 
would  be  no  reduction  in  risk  or  increase  in  protectiveness 
of  human  health  and  the  environment.  As  a result  of  the  con- 
tinued occurrence  of  a number  of  processes  on /Site  (e . g . , 
solids  and  sludge  deposition  in  Ponds  2 and,-  3 ) , the  risks  to 
human  health  and  the  environment  would  :ihc r e a se  dyer  time  if 
left  unmitigated. 

Continued  deposition  of  tailings1-  and  rihfal  hydroxide  sludges 
in  Ponds  2 and  3 would  add  further* ^ behind  the  pond 

berms,  increasing  the  potential  liinpacts-  of  berm  failure. 

Continued  deposition  in  Ppnd  2 duting  average  flow  will  also 
increase  the  threat-ofL  resuspenSion  and  dissolution  of  sedi- 
ments during  above: ::ayeratge  "flows , resulting  in  a potential 
for  increased  i^ceedancesi  of  chronic  and  acute  water  quality 
standards  at  the  compliance  point  for  the  operable  unit. 

Because  the  tailings  deposits  and  contaminated  surface  soils 
along  the  bypass  would  remain  unremediated,  the  formation  of 
metal  salts  on  the  surface  would  continue  during  hot,  dry 
periods.  These  salts  could  cause  future  fishkills  during 
intense  rain  storms.  Tailings  eroded  from  the  bypass  or 
from  upstream  areas  along  Silver  Bow  Creek  would  continue  to 
move  into  the  Clark  Fork  River,  adding  to  the  contamination 
problem  that  already  exists  in  and  along  that  river. 
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Failure  to  improve  the  pond  inlet  structure  would  lead  to 
continued  flows  down  the  bypass  of  untreated  water  that 
could  be  treated,  and  continued  deposition  of  tailings  and 
contaminated  soils  both  along  the  bypass  and  in  the  Clark 
Fork  Basin.  Failure  to  improve  the  pond  treatment  system 
would  result  in  continued  exceedances  of  water  quality  stan- 
dards during  high  winds,  high  flow  events,  and  winter 
conditions . 

Assuming  a lack  of  domestic,  livestock,  or  irrigation  use  of 
the  groundwater,  a lack  of  groundwater  collection  and  treat- 
ment from  below  the  ponds  would  have  a less- immediate  impact 
on  human  health  and  the  environment  than- ; the  Other  risk 
concerns;  but,  in  the  long  term,  ther  contaminated  ground - 
water  would  continuously  affect  the  water  quality  leaving 
the  operable  unit  by  acting  as ^dfegep a tap cK source  of  metals. 

Compliance  with  ARARs 

Without  remediation,  thej\operable,.  tinit  would  not  comply  with 
many  of  the  state  §ndL;;federal  ARARs  identified  in  Table  8-4. 
The  pond  system  would' :-c On t inue  to  partially  treat  site  sur- 
face waters,  but  %£gulap  exceedances  of  surface  water  qual- 
ity standards  would  cqiitinue . Additionally,  the  existing 
treatment  system  would1  continue  to  be  subject  to  flooding 
and/or  earthquake  damage;  operable  unit  wastes  stored  in  the 
ponds  would  not  meet  RCRA  requirements  for  hazardous  waste 
management  facilities;  the  ponds  would  not  meet  Montana 
siting  criteria  for  solid  and  hazardous  waste  storage;  and 
contaminated  groundwater  at  the  operable  unit  would  continue 
to  exceed  the  maximum  contaminant  levels. 


Cost 


No  cost  beyond  current  operations  would  be  associated  with 
the  no-action  alternative. 


COMPARATIVE  ANALYSIS  OF  ALTERNATIVES 


This  section  presents  a comparative  analysis  of  the  alterna- 
tives for  each  of  the  seven  evaluation  criteria.  The  pur- 
pose of  this  analysis  is  to  identify  the  advantages  and  dis- 
advantages of  each  alternative  relative  to  the  other  alterna- 
tives. Sr* 


The  evaluation  is  presented  using 
teria  as  headings.  Under  each 
discussed  approximately  in  order  ^ 
for  that  criterion. 


seven  evaluation  cri- 
\the  alternatives  are 
decreasing  performance 


A summary  of  the  comparative 
Table  8-18. 


analysis  is  presented  in 


OVERALL  PROTECTION  OF  HUMAN  HEALTH  AND  ENVIRONMENT 


Each  of  the  first  five-alternatives  addresses  the  eight 
human  health  and  environmental  concerns  identified  at  the 
site  to  varying  degrees  of  protectiveness.  Alternative  6 
leaves  one  of  the  concerns  unaddressed--the  transport  of 
tailings  down  the  bypass  during  flood  flows  in  excess  of 
210  cfs.  Alternative  7 is  the  no-action  alternative;  it 
would  not  alter  the  site,  and  it  does  not  address  any  of  the 
identified  concerns. 


8-100 


Table  8-18 

SUMMARY  OF  COMPARATIVE  ANALYSIS  OF  ALTERNATIVES 
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Overall,  Alternative  1 is  the  most  protective  of  the  alterna- 
tives, because  it  alone  contains  measures  to  treat  the  pond 
bottom  sediments,  tailings  deposits,  and  contaminated  soils 
to  permanently  reduce  their  mobility.  However,  because  in 
situ  solidification  is  still  a developing  technology,  its 
feasibility  would  have  to  be  further  explored  during  the 
predesign  or  design  stage  of  the  feasibility  study.  The 
remaining  action  alternatives  (Alternatives  2-6)  include 
measures  to  stabilize  the  pond  berms  to  limit  the  mobility 
of  the  sediments  and  sludges  by  improving  their  existing  con- 
tainment. Alternatives  2 through  6 also  include  measures  to 
contain  the  tailings  and  contaminated  soils- exposed  at  the 
surface  throughout  the  operable  unit  either  onsite  (Alterna- 
tives 3-6)  or  offsite  (Alternative  2)V 

Of  the  alternatives  that  do  no t^al imiria t d\t he  existing  pond 
system  (Alternatives  2-7),  Alterhat'Jve  2 of f ers  the  most  pro- 
tection against  pond  failure  by  protecting  the  pond  berms 
against  the  maximum  expectable  fdrces--a  probable  maximum 
flood  or  a maximum  credibly  earthquake . Alternatives  3 
through  6 protect  the -pond  bermSr  against  an  MCE  and  frac- 
tions of  a PMF  as?;i:r:e:quiired  by^  the  Montana  dam  safety  rules. 
The  no- action  alternative;  would  be  the  least  protective  by 
leaving  the  berms\ih%; their  present  unstable  state. 

Containment  measures  for  tailings  deposits  and  contaminated 
soils  are  proposed  for  Alternatives  2 through  6.  In  gen- 
eral, the  containment  measures  are  not  expected  to  be  as 
protective  or  as  permanent  as  the  solidification  action  pro- 
posed for  Alternative  1.  This  is  because  the  tailings  and 
soils  would  still  exist  in  a form  that  could,  in  theory,  be 
disturbed  by  severe  weather  or  other  forces,  though  the  prob- 
ability of  dispersal  of  the  contaminants  would  be  very  low 
for  most  of  these  alternatives.  Alternative  2 includes  off- 
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site  disposal  of  the  contaminated  material.  This  would 
remove  the  direct  threat  from  the  site,  but  it  would  also 
introduce  new  risks  and  the  liability  associated  with  the 
offsite  disposal  of  untreated  material.  Alternative  3 would 
consolidate  the  material  onsite  under  a RCRA- equivalent  cap. 
This  could  effectively  contain  the  material  without  intro- 
ducing the  additional  liabilities  and  risks  of  offsite  dis- 
posal. Alternatives  4 and  5 would  cap  in  place  all  of  the 
material  possible.  Less  protective  caps  would  be  used,  and 
the  lack  of  consolidation  would  increase  maintenance  costs 
and  the  potential  for  cap  failure.  Alternative  6,  flooding, 
is  the  least  protective  of  the  action  alternatives.  Flood- 
ing these  materials  would  limit  direct  cent ac t;,  but  may  in- 
crease mobility.  Alternative  7 does-" not  address\the  risks 
associated  with  the  tailings  deposits  arid  contaminated 
soils. 

The  most  significant  difference 4 In  eorit a inment  would  be  for 
the  area  below  Pond  1.  ^Because  the  area  is  not  protected 
from  floods  by  the  poricl  kerms,;  it  will  remain  subject  to 
flood  forces  for  a the  a 1 1 e mat ive s . Alternatives  1,  2, 

3,  and  5 would  remo^l^^the  Contaminants  from  this  area, 
either  for  solidification  in  the  ponds  (Alternative  1),  off- 
site disposal  (Alternative  2),  or  disposal  in  Pond  1 under  a 
RCRA-equivalent  c ap  (Alt e rna t ive s 3 and  5).  Alternative  4 
would  cap  the  contaminants  in  place.  Alternative  6 would 
leave  the  contaminants  in  place,  flooded  under  the  wetland. 
Alternative  7 would  leave  the  contaminants  in  their  existing 
state . 
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Neither  the  cap  in  Alternative  4 nor  the  wetland  in  Alterna- 
tive 6 would  provide  significant  protection  of  the  contami- 
nants from  floods.  The  cap  could  be  armored  to  protect  it 
from  small  floods,  but  protection  from  large  floods,  such  as 
100-year  or  greater  floods,  would  be  difficult  and  very 
expensive;  it  would  be  much  less  difficult  and  expensive  to 
excavate  the  materials  and  put  them  in  one  of  the  ponds 
where  they  would  be  protected  from  very  large  floods. 

The  surface  water  and  groundwater  actions  included  as  parts 
of  Alternatives  1 and  2 would  provide  the  most  effective  and 
most  comprehensive  treatment  for  surface  water:  and  ground- 
water  of  the  seven  alternatives.  Surfabe  water  treatment  in 
an  upgraded  pond  system  would  be  provided ^f or  all  flows  up 
to  the  volume  of  a 100-year  flood  (13, 000  acre- feet)  or 
until  the  maximum  flow  of  4 , 000  cfs  had  Been  reached.  With 
appropriate  design  and  operation,  water  quality  ambient  and 
point  source  discharge  standards  should  be  met  for  nearly 
all  flows  up  to  the  theoretical  maximum  100-year  flood  flow 
of  4,000  cfs.  Alternatives  3:,  5 , and  6 include  various 

levels  of  pond  treatment^  decreasing  in  the  degree  of  effec- 
tiveness . Alternatives  "3  an4-l:  4 would  provide  suspended 
solids  treatment  for  flood  flows  between  600  and  4 , 000  cfs . 
Except  for  2,000  acre-feet  stored  in  the  settling  basin, 
flows  above  600  cfs'-wpuld  not  be  treated  for  dissolved 
metals.  Alternative  5 would  upgrade  the  pond  system,  but  it 
would  only  accept  flows  up  to  210  cfs  for  dissolved  metals 
treatment.  Again,  except  for  2,000  acre-feet  stored  in  the 
settling  basin,  flows  between  210  and  4,000  cfs  would  re- 
ceive treatment  for  suspended  solids  only.  The  lack  of  dis- 
solved metals  treatment  for  above-average  flows  would  lead 
to  increased  violations  of  water  quality  standards  for  flows 
out  of  the  operable  unit.  Because  of  the  decreases  in 
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levels  or  volume  of  treatment,  water  quality  standards  would 
be  violated  with  greater  frequency  for  each  decrease  in  the 
upgrade  of  the  treatment  system.  Alternatives  6 and  7 would 
likely  experience  regular  violations  during  above  average 
flows . 


Trench  drains  for  groundwater  collection  and  treatment  are 
included  as  part  of  all  six  action  alternatives.  Alterna- 
tives 1,  2,  3,  and  4 include  trench  drains  both  in  and  below 
Pond  1.  Alternatives  5 and  6 only  call  for  a single  drain 
below  Pond  1.  A single  drain  would  effectively  limit  the 
offsite  migration  of  contaminated  groundwater  but  would  not 
aid  attempts  to  dewater  Pond  1.  Alternatives^!  through  4 
would  treat  the  groundwater  in  the  pond  system.  ^Alterna- 
tives 5 and  6 include  the  addition  d£  onsite  wetlands  for 
treatment.  The  wetlands  system -would  de dr ease  pumping  re- 
quirements but  could  increase  treatment  operation  and  mainte- 
nance requirements  and  leacjLto  further  -contamination  of  the 
soil  and  groundwater  at  the  lower;,  end  of  the  site. 


In  general,  permanence;;  of  the  remedial  actions  is  greatest 
for  the  more  comprehensive  "alternatives . The  solidification 
of  pond  bottom  ^sediments  is  the  only  alternative  that  would 
permanently  limit  the  mobility  of  the  pond  bottom  sediments . 
Actions  to  stabilize^ the  pond  berms  (Alternatives  2 through 
6)  would  protect  the  sediments  as  long  as  they  are  main- 
tained but  would  not  permanently  affect  the  sediments  them- 
selves . 


Surface  water  treatment  would  continue  for  as  long  as  the 
ponds  are  functional.  The  estimated  life  of  Pond  3 is  ap- 
proximately 70  to  80  years.  Pond  2 is  only  expected  to  last 
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about  15  years  under  average  flows.  The  new  treatment  pond 
(Alternative  1)  would  be  constructed  with  an  estimated  life 
of  up  to  100  years. 

The  permanence  of  efforts  to  cleanup  the  bypass  would  depend 
on  efforts  to  keep  the  bypass  free  of  future  deposition. 
Alternatives  1 and  2 offer  the  greatest  effectiveness, 
containing  and  treating  all  flows  for  suspended  solids  up  to 
4,000  cfs.  For  Alternatives  3,  4,  and  5,  flows  up  to 
4,000  cfs  would  have  up  to  80  percent  of  the  suspended 

.:i:' 

solids  load  removed. 

The  permanence  of  soils  and  tailings  r eme d i a t ipri - i s greatest 
for  Alternative  1 because  all  contaminated,  material  would  be 
solidified  in  the  ponds.  Alternatives  >2  and  3 would  contain 
the  material  in  several  consolidated  uhits  that  would  reduce 
maintenance  requirements  and  aid  permanence • The  permanence 
of  capping  in-place  or  flooding  ^(Alternatives  4 through  6) 
is  much  more  dependent  on  the  continued  maintenance  of  the 
cap  or  cover. 

COMPLIANCE  WITH 

Table  8-4  summarizes  each  alternative’s  compliance  with  fed- 
eral and  Montana  ARARs. 


LONG-TERM  EFFECTIVENESS 

The  residual  risk  increases  from  Alternative  1 through  the 
no-action  alternative  (Alternative  7) , which  involves  the 


greatest  residual  risk.  Alternative  1 would  result  in  the 
least  residual  risk  because  the  measures  it  includes  to 
eliminate  or  contain  the  risks  are  more  comprehensive  than 
any  of  the  other  alternatives.  This  is  primarily  the  case 
in  regards  to  the  pond  bottom  sediments  and  the  tailings  and 
contaminated  soils.  Alternative  1 is  the  only  alternative 
to  include  treatment  (solidification)  of  these  materials. 
Although  Alternative  2 would  not  reduce  the  residual  risk  to 
the  same  risk  level  as  Alternative  1,  it  would  protect  the 
ponds  from  the  threat  of  failure  to  a greater  extent  than 
the  remaining  alternatives,  and  it  would  remove  the  majority 
of  the  contaminated  soils  and  tailings  from  /the  site.  The 
residual  risk  in  Alternative  2 results  firom  the  "presence  of 
the  untreated  pond  bottom  sediments  ..onsite:. 

Alternatives  3 through  6,  in  turn*  contain  a slightly  higher 
level  of  residual  risk  from  the  pond  bottom  sediments  be- 
cause the  pond  berms  would  Jbe  p to  he  ct  e d::  a gainst  only  a frac- 
tion of  a PMF,  rather  than  a:  full/  PMT  (Alternative  2).  How- 
ever, the  probability  %fSa  catastrophic  failure  of  the  pond 
berms  during  a flood- would  still  be  small  because  the  likeli- 
hood of  even  a 0.1  PHF:;  is  quite  small.  (No  specific  return 
intervals  are  associated  with  probable  maximum  floods, 
though  their  probability "of  occurrence  is  only  once  in  sev- 
eral thousand  years.)./  Alternative  7,  which  would  not  fur- 
ther stabilize  the  pond  berms,  would  carry  the  greatest 
residual  risk  of  flood  damage  to  the  ponds.  The  extent  of 
environmental  damage  that  would  result  from  a pond  failure 
would  also  increase  over  time  with  Alternative  7 because  of 
the  continued  deposition  of  sediments  within  the  pond. 

Alternatives  1 and  2 would  carry  the  least  residual  risk 
resulting  from  surface  water  and  groundwater  contamination. 
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Both  alternatives  include  measures  to  treat  basically  all 
flows  less  than  a 100-year  flood  passing  through  or  from  the 
system.  Surface  water  flows  up  to  a 100-year  flood  flow 
would  be  contained  and  treated  for  suspended  solids  and  dis- 
solved metals.  Only  flows  greater  than  100-year  flood  flow 
would  pass  through  the  system  untreated. 


The  residual  risks  associated  with  contaminated  surface 
water  increase  with  each  of  the  remaining  alternatives.  Al- 
ternatives 3 and  4,  although  treating  most  flows  in  an  up- 
graded treatment  system,  include  only  suspended  solids  treat 
ment  for  flows  between  600  and  4,000  cfs  that  exceed 
2,000  acre-feet.  Alternatives  5 and  6 /retain -the  current 
pond  system  with  a few  modifications-  end  would  only  allow 
dissolved  metals  treatment  in  the  ponds  for  flows  up  to 
210  cfs  because  of  the  cap ac ity: -limit at. ions  of  Pond  2.  For 
Alternative  5,  flows  between  2 10  and  4 r 000  cfs  would  be 
treated  for  suspended  solids  in  the  upstream  settling  basin. 
Up  to  2,000  acre- feet  of  the  f low;  would  be  retained  and 
metered  slowly  into  the  pond J or  di s so lved  metals  treatment 
The  modification  ol-the  current  pond  system  in  Alterna- 
tives 5 and  6 also^would-, ndt  "address  the  problem  of  poten- 


tial short -circuiting  in 
decreases  the  e 


the  ponds.  Short-circuiting 
iss  of  the  ponds.  Alternative  6, 
which  does  not  inclhdeii:  any  treatment  for  flows  greater  than 
the  current  capacity  of  the  treatment  system  (210  cfs),  may 
eventually  result  in  the  recontamination  of  the  bypass  and 
the  area  below  Pond  1. 


Water  quality  standards  for  ambient  and  point  source  dis- 
charges should  be  met  for  all  flows  up  to  4,000  cfs  for  Al- 
ternatives 1 and  2.  Alternatives  3 and  4 may  exceed  these 


water  quality  standards  during  flows  above  600  cfs.  Alterna- 
tives 5,  6,  and  7 would  experience  more  frequent  violations 
and  violations  at  lower  flows  than  Alternatives  1 through  4. 


Both  of  the  groundwater  treatment  actions  should  be  able  to 
meet  the  appropriate  treatment  standards  in  the  long  term. 
However,  pumping  the  collected  groundwater  to  Pond  3 for 
treatment  (Alternatives  1 through  4)  would  require  less 
startup  effort  and  less  long-term  operation  and  maintenance 
The  wetland  system  (Alternatives  5 and  6)  would  require 
periodic  maintenance  and/or  replacement  of  vegetation,  and 
more  intensive  care  during  winter  months  ; than  the  pumping 
option.  The  addition  of  the  wetlands  wbuld  als<3\result  in 
the  eventual  recontamination  of  soilsV'sedimentsV  and 
groundwater  in  the  treatment  area,  Which  may  require  future 
remediation  during  system  closure,;: 


The  operation  and  maintenance  r e qui remen t s for  all  of  the 
action  alternatives  would  be  fairly  constant,  because  most 
of  the  requirements  wohld  be  ^related  to  the  water  treatment 
systems.  Alternatives  I\and  2 would  require  somewhat 
greater  op e r a t ion"  ::ahd:-mainteh:anc e than  Alternatives  3 , 4 , 5 , 
and  6 with  re speCt,  to  the  requirements  of  the  upstream  flood 
impoundment.  Alternatives  3,  4,  and  5 would  have  less  sub- 
stantial operation  hnd1 maintenance  requirements  associated 
with  the  upstream  settling  basin.  Alternative  6 would 
require  the  periodic  removal  of  tailings  from  the  bypass. 
Alternatives  5 and  6 include  a wetlands  treatment  system 
that  would  require  some  operation  and  maintenance.  Alterna- 
tives 3 through  5 include  onsite  capping  of  contaminated 
material.  Maintenance  of  the  cap(s)  will  also  increase  the 
operation  and  maintenance  requirements.  Alternative  3, 
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which  would  consolidate  the  contaminated  material  under  a 
single  RCRA-equivalent  cap,  would  have  less  maintenance 
requirements  than  the  alternatives  that  would  cap  the  mate- 
rial in  place.  Flooding  the  contaminants  (Alternative  6) 
would  potentially  have  the  greatest  maintenance  costs  while 
offering  the  least  protection. 

Monitoring  requirements  would  basically  be  the  same  for  all 
alternatives,  limited  to  ensuring  conformance  with  surface 
and  groundwater  standards.  No  monitoring  above  the  current 
MPDES  monitoring  requirements  would  be  added"  with 
Alternative  7,  no-action. 

REDUCTION  OF  TOXICITY,  MOBILITY,  AND  VOLUME 

Alternative  1 is  the  only  alternative  %g  "use  treatment  in 
the  remediation  of  pond  bottom  sediments  and  contaminated 
soils  and  tailings.  This  treatnienb  wdhld  reduce  the  mobi- 
lity of  these  material  s :,;hy"  so  lid  lifting  the  sediments  in 
place.  It  would  also  decrease,  th#; potential  for  leaching 
metals  from  the  se diman t\;  A drawback  to  the  in  situ  solidi- 
fication proces$/|^£t*af% itMfbuld  substantially  increase  the 
total  volume  of : the  pond  bottom  material.  Approximately 
2 cubic  yards  of  so Lid-if ic a t ion  agents  would  have  to  be 
added  to  every  1 yard, of  sediments  treated  in  the  wet  por- 
tions of  the  ponds,  thus  tripling  the  volume  of  the  sedi- 
ments in  these  areas. 

The  remaining  action  alternatives  would  contain  but  would 
not  treat  the  pond  bottom  sediments.  The  containment 


actions  would  reduce  the  sediments*  mobility  to  a lesser 
extent  than  Alternative  1 because  they  stabilize  the  contain 
ment  structures  but  not  the  material  itself.  The  contain- 
ment actions  would  not  affect  the  toxicity  or  volume  of  the 
material.  Alternative  2 includes  the  most  stringent  of  the 
containment  actions,  stabilizing  the  existing  pond  berms 
against  the  largest  expectable  forces,  a PME  and  an  MCE. 

The  remaining  action  alternatives  would  limit  the  mobility 
of  the  pond  bottom  material  during  events  up  to  a full  MCE 
and  a fraction  of  a PME.  The  no-action  alternative  would 
not  affect  the  toxicity,  mobility,  or  volume" of  the  pond 
bottom  material. 


Remediation  options  proposed  for  the 1 tailings  and  contami- 
nated soils  also  vary  in  their  effectiveness  in  limiting  the 
future  mobility  of  the  material#%!;:;Thr6%Lghl:==of f site  disposal 
of  a majority  of  these  materials  * AX t e rna t iv e 2 removes  the 
threat  of  remobilization  at,,,  the  W it ef  "although  the  material 
would  continue  to  exist  dm  an  untreated  state  at  a separate 
site.  Alternative  3 d:|  f e r s- th<e  b e s t onsite  reduction  in 
mobility  through  consolidation  followed  by  containment  under 
a RCRA- equivalent  ,:d:ap%;;  ":A1  ternat ive s 4 and  5 would  also 
reduce  the  mobility  of  the  material,  although  not  to  the 
same  extent  as  Alternative  3.  Alternative  6 would  not 
greatly  reduce  the  lability  of  the  contaminated  tailings  and 
soils,  although  it  would  reduce  the  threat  of  direct 
contact . 


All  of  the  action  alternatives  include  treatment  to  reduce 
the  toxicity  of  the  surface  water  to  some  degree.  The  alter 
natives  differ  in  the  amount  and  level  of  treatment.  Alter- 
natives 1 and  2 include  treatment  to  reduce  the  toxicity  of 
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contaminated  water  for  all  flow  conditions  up  to  a 100-year 
flood.  Flows  above  the  100-year  flood  flow  would  bypass  the 
system  untreated. 

The  remaining  alternatives  reduce  the  toxicity  of  the  sur- 
face water  to  a lesser  extent.  For  Alternatives  3 and  4, 
only  flows  below  600  cfs  and  2,000  acre-feet  of  flows  above 
600  cfs  would  be  treated  in  the  pond  system  for  suspended 
solids  and  dissolved  metals.  Flows  between  600  and 
4,000  cfs  would  be  treated  for  suspended  solids  only  in  the 
upstream  impoundment.  Alternatives  5 and  6/retain  the 
present  pond  system  with  a few  modifications  bp  improve 
treatment.  Alternative  5 includes  a s etibl  ing : -b  a sin  to 
contain  up  to  2,000  acre-feet  and  treat  flows  between  210 
and  4,000  cfs  for  suspended  solids flows  above  210  cfs 
would  not  be  treated  for  dissolved  me tale*  Alternative  6 
does  not  include  any  treatment  L:f Or  .f  lows  greater  than  the 
capacity  of  the  current  pond  treatment-system. 

SHORT-TERM  EFFECTIVENESS^ 

Most  of  the  components.  Of  the;::  action  alternatives  would  take 
2 to  3 years  to:  complete .1  The  components  are  similar  for 
the  most  part,  v a ry ing: pt ima r i ly  in  size  or  layout.  The 
solidification  of  th§ .pond  bottom  sediments  is  an  exception 
to  this.  Alternative  1 would  require  approximately  17  years 
to  complete  because  of  the  large  volume  of  soils  and 
sediments  to  be  solidified.  Although  the  stability  of  the 
sediments  would  increase  during  the  solidification  process, 
it  would  still  take  a substantially  longer  time  to  reach 
complete  protection  from  Alternative  1 than  from  any  of  the 
other  alternatives. 
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The  wetlands  treatment  system  included  as  part  of  Alterna- 
tives 5 and  6 may  need  up  to  5 years  startup  time  to  reach 
the  design  objectives  of  the  system.  This  time  is  needed  to 
establish  plant  species  in  the  system  in  order  to  realize 
effective  treatment.  None  of  the  other  treatment  components 
included  with  the  alternatives  would  require  an  extended 
startup  period,  though  optimizing  operation  of  a modified  or 
new  pond  treatment  system  may  require  a full  year  or  more  of 
operational  experience. 


None  of  the  action  alternatives  are  expected  to  substan- 
tially affect  the  community  of  Warm  Springs yihring  remedia- 
tion. Local  releases  of  metal- contaminated  tailings  or  dust 
would  likely  occur  during  construction  work  carried  out  in 
contaminated  areas,  but  such  releases  would  be  minimized  by 
dust  control  techniques  and  would  :jnot  be "expected  to  affect 
the  community.  There  is  also  the  po tent ia 1 for  short-term 
violations  of  the  water  quality  ^standards  at  the  compliance 
point  as  a result  of  remediation  work  in  or  adjacent  to  the 
bypass  and  stream  beds.  \Thbse,  violations  would  differ 
somewhat  between  alternatives  arid  could  be  minimized  through 
use  of  s e d ime nt a t ion" ba rr i er  # and  sedimentation  ponds . 


Construction  contractors  would  need  protection  against  der- 
mal and  respiratory "exposure  to  the  tailings  while  working 
in  contaminated  areas.  Dermal  threats  could  be  controlled 
using  long- sleeve  protective  clothing,  and  inhalation 
threats  could  be  controlled  using  appropriate  dust  or  face 
masks.  Health  risks  to  operation  and  maintenance  workers 
would  be  substantially  less  than  for  such  workers  under  the 
existing  conditions  (see  the  PHEA,  Appendix  A).  These  risks 
would  be  similar  for  all  alternatives. 


4 
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Planning  for  all  remediation  activities  would  have  to  con- 
sider potential  impacts  to  a pair  of  bald  eagles,  which  are 
protected  under  the  Endangered  Species  Act,  that  have  previ- 
ously nested  within  the  operable  unit.  The  eagles  are  not 
currently  nesting  within  the  operable  unit  but  they  continue 
to  use  the  ponds  as  a food  source  during  the  summer  months. 
Only  Alternative  1 would  substantially  affect  this  food 
source.  If  the  eagles  return  to  nesting  in  the  area 
surrounding  the  ponds,  steps  would  be  required  to  minimize 
any  impact  resulting  from  construction.  This  would  be  done 
during  project  planning  in  the  design  and  construction  phase 
of  remediation.  With  attention  to  the  necessary  controls, 
adverse  impacts  to  the  eagles  can  likeiybe  avoided.  This 
would  be  true  for  all  six  of  the  action  alternatives . 


Environmental  impacts  to  the  operable  unit  would  be  greatest 
for  Alternative  1 because  of  the  Tin, situ  solidification  pro- 
cess proposed  for  the  existing  ponds  * So 1 id i f ic a t ion  of  the 
existing  ponds  would  alter: several  hundred  acres  of  land 
that  is  currently  wetland  wildlif#  habitat . Prior  to  solidi- 
fication, the  ponds-wquid,  bq  drained;  about  17  years  later, 
following  solid  if  leatipri;:  arid  .hovering  with  soil  and  vegeta- 
tion, they  would  be  left  as  dry,  vegetated  terrestrial  habi- 
tat. Some  of  the\lost  open-water  habitat  would  be  replaced 
by  the  new  treatment : pond , which  would  be  constructed 
upstream  of  the  present  ponds.  The  new  flood  impoundment 
pond,  although  not  typically  containing  water,  would  perma- 
nently remove  approximately  1,000  acres  of  rangeland  from 
use,  bringing  the  total  acreage  affected  by  this  alternative 
to  approximately  2,250  acres. 


I 
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The  remainder  of  the  alternatives  would  not  significantly 
affect  the  environment  in  and  around  the  pond  system  on  a 
long-term  basis,  except  for  the  loss  of  wetlands  in  Pond  1 
and  the  effects  of  the  upstream  impoundments.  The  flood 
impoundment,  as  discussed  above,  would  affect  approximately 
1,000  acres.  The  smaller  settling  basin  (Alternatives  3 
through  5)  would  affect  approximately  500  acres.  Alterna- 
tives 2 through  6 would  affect  the  local  environment  during 
implementation  as  a result  of  construction  activities. 

These  alternatives  would  affect  the  surrounding  wildlife 
habitat  with  increased  noise  and  dust  levels1.,/  Some  habitat 
would  also  be  temporarily  destroyed  as  a .result  of  necessary 
earthwork.  For  Alternatives  3 through  6V  these  impacts 
would  likely  be  short-lived  and  the , areas, -returned  to  their 
preconstruction  condition  fairly  quickly,/ 

IMPLEMENTABILITY , RELIABILITY , AND  CONSTRUCTIBILITY 

For  the  most  part,  there  is  not  A;,  great  deal  of  difference 
in  the  implementability  %,f  ,the;,M#  action  alternatives.  Most 
of  the  components  proposed  as  part  of  the  alternatives  are 
well-developed  techndlpgies,  used  to  some  extent  in  either 
the  hazardous  waste , warper,  or  standard  civil  engineering  dis- 
ciplines. The  t echni c a L • feasibility  of  these  components 
appears  to  be  good . \ Tfie  exceptions  are  the  two  innovative 
components  included  as  part  of  a number  of  the  alternatives: 
in  situ  solidification,  and  wetlands  treatment  for  metals 
removal. 

The  technical  feasibility  of  in  situ  pond  bottom  solidifica- 
tion (Alternative  1)  is  not  known  for  certain  at  this  time. 

It  has  been  used  with  success  to  solidify  marshlands  for 


8-116 


foundation  stabilization  in  Japan,  but  it  has  not  been  used 
extensively  on  hazardous  waste  sites.  Consequently,  it  has 
a greater  risk  of  implementation  difficulties  and  failure 
than  any  of  the  other  media-specific  actions  proposed  for 
the  pond  bottom  sediments.  If  it  fails  to  adequately  solid- 
ify the  pond  bottoms,  for  whatever  reason,  additional  stabi- 
lization of  the  pond  berms  (as  in  Alternatives  2 through  6) 
would  be  necessary. 


Wetlands  treatment  (Alternatives  5 and  6)  has-been  used  with 
some  success  for  removing  metals  loadings  from  acid  mine 
drainage,  and  its  technical  feasibility  is  somewhat  more 
defined  than  in  situ  solidification.  However  ^.because  effec- 
tive treatment  relies  on  the  development  of  a resilient 
living  ecosystem  in  the  wetland,  thi% implement at ion  of  an 
effective  wetland  could  prove  difficult.  dud /or  time  consum- 
ing. The  effectiveness  of  t he  hwe t Isnds  by s t em  also  depends 
to  some  extent  on  the  weather.  1 A 1 ar ge" wint e r buildup  of 
ice  could  result  in  severe  short -circuiting  in  the  wetland, 
decreasing  the  observed  removal" ^effectiveness.  The  techni- 
cal feasibility  of  .the  other  groundwater  treatment  compo- 
nent, which  r e 1 iei&^Sh^;  t te a tmen t in  the  pond  system  (Alterna- 
tives 1-4),  is  "greater. 

The  technical  feasibility  of  the  remainder  of  the  compo- 
nents would  be  about  equal.  Protecting  the  pond  berms 
against  a fraction  of  a PMF  (Alternatives  3-6)  would  be  more 
feasible  than  protecting  the  berms  from  a full  PMF  (Alterna- 
tive 2)  simply  because  of  the  magnitude  of  the  project.  The 
same  holds  true  for  the  upstream  settling  basin  (Alterna- 
tives 3,  4 and  5)  versus  the  upstream  flood  impoundment 
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(Alternatives  1 and  2).  Because  the  settling  basin  would  be 
smaller  and  would  require  fewer  materials,  its  overall  feasi- 
bility would  be  greater. 


From  an  administrative  feasibility  standpoint,  all  of  the 
alternatives  are  about  equal.  All  seven  alternatives  (no- 
action alternative  included)  would  require  an  MPDES  permit 
to  discharge  water  from  the  treatment  system  into  the  Clark 
Fork  River.  The  discharge  standards  are  more  likely  to  be 
met  for  Alternatives  1 through  4 because  they  include  a more 
comprehensive  upgrading  of  the  treatment  system.  They  are 
not  likely  to  be  met  with  sufficient  regularity  under  Alter- 
natives 5 through  7. 


:M:he  acquisition  of 
construction  of  the  set- 
Because  less 
Kb a sin,  it  might  be 


Alternatives  1 through  5 would  re 
500  to  1,000  acres  of  rangeland  for 
tling  basin  or  the  upstream  flood 
land  is  needed  for  the  smaller 
easier  to  implement. 


The  offsite  d i spo s al noptipn , proposed  for  the  majority  of 
the  tailings  depo%i:tl::-ahd  Contaminated  soils  as  part  of 
Alternative  2,  would  be|more  difficult  to  implement  than  the 
remainder  of  the  contaminated  soils  options.  The  interstate 
transport  of  up  to  1, ^million  cubic  yards  of  untreated 
waste  would  be  administratively  undesirable  from  both  a 
transportation  and  disposal  point  of  view.  The  onsite  dis- 
posal options  (Alternatives  1 and  3-6)  would  likely  be  eas- 
ier to  implement. 
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An  apparent  lack  of  locally  available  riprap  would  favor  the 
alternatives  that  require  smaller  amounts  of  that  material 
(e.g.,  Alternatives  3-6  over  Alternatives  1 and  2).  This 
would  be  significant  especially  if  the  material  would  need 
to  be  quarried  specifically  for  implementation.  Other 
materials  and  equipment  would  be  readily  available  for  con- 
struction. The  in  situ  solidification  units  for  Alterna- 
tive 1 would  require  up  to  9 months  for  fabrication,  but 
this  could  be  incorporated  into  the  scheduled  implementation 
without  causing  unforeseen  delay. 


COST 


The  cost  comparisons  are  straightforward . Comparing  present 
worth  costs,  Alternative  1 is  most  expensive  and  Alterna- 
tive 6 is  the  least  expensive  of^the  ahtion  alternatives. 

The  long  implementation  schedule  more  strongly  affects  the 
present  worth  cost  for  Alternative  l than  do  the  implementa- 
tion schedules  of  the  other  alternatives , which  are  shorter. 
The  costs  of  the  action  al te r na t ive s are  listed  in  Table  8- 
19,  both  with  and  without:  present  worth  considerations.  The 
present  worth  analysis,  is  detailed  in  Appendix  D,  Table  D-7. 


Sensitivity  Analysis,  ,/ 


A sensitivity  analysis  has  been  completed  to  evaluate  the 
effects  on  project  costs  caused  by  variations  in  the  assump- 
tions associated  with  design,  implementation,  and  operation. 
These  assumptions  depend  on  the  accuracy  of  the  data  devel- 
oped during  the  remedial  investigation  and  this  feasibility 
study.  The  effects  on  the  cost  of  a specific  action  can  be 
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observed  by  varying  the  assumptions  and  noting  the  effects 
on  the  estimated  costs. 

The  sensitivity  analysis  serves  several  functions: 
o 


o 


o 


The  alternatives  are  discussed  below  in  terms  of  the  most 
cost  sensitive  assumptions  associated  with  each.  Tables 
were  prepared  evaluating;::  the  "cost  sensitivity  of  selected 
items  of  the  construct ibh;  cost  estimates  with  the  greatest 
uncertainties.  The&e  tables  are  presented  in  Appendix  D as 
Tables  D-8  through  IK  13 . Not  all  of  the  uncertainties 
yielded  major  differences  in  overall  project  costs.  Only 
those  uncertainties  that  yielded  large  potential  variations 
in  the  total  project  costs  are  discussed  below. 

Alternative  1 

The  factors  that  are  most  cost  sensitive  in  Alternative  1 
include : 


It  outlines  the  areas  of  greatest  uncertainty  in 
the  assumptions  so  that  additional  data  can  be 
gathered  if  more  accurate  cost  estimates  are 
required. 


It  defines  the  "boundary  conditions^ of  the  cost 
estimates.  In  other  words,  it  establishes  reason- 
able maximum  and  minimum  cost  for  the  most  uncer- 
tain cost  elements. 


It  identifies  those  areas  requiring  the  greatest 
effort  during  the  design-phase  to  optimize  the 
project  costs. 
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o 


The  stabilization/ solidification  of  the  pond  sedi- 
ments 

' ‘ ‘A  £. . “T  ^ • 

o The  duration  of  the  remediation 

o The  excavation,  transportation,  and  disposal  of 
the  tailings  and  contaminated  soils 


Stabilize/Solidify  Sediments.  The  extensive  volume  of 
existing  pond  sediments  (19  million  cubic  yards)  means  that 
any  variation  in  the  unit  price  to  treat  them : Vrill  yield  a 
large  variation  in  the  overall  project  costs,. \ Since 
stabilization/ solidification  is  an  untried  technology  in 
this  application,  the  potential  for  significant  variation  in 
the  unit  price  is  large.  In  fact,  one  ;d£  the  equipment  ven- 
dors estimated  that  the  construction  costs  could  vary  from 
$40  to  $12.0  per  cubic  yard  of  materdal::, stabilized . The 
impacts  of  this  variation  (and  thd/bther  potential  construc- 
tion cost  variations)  could%cause:i;  the  overall  project  cost 
to  fluctuate  by  as  much  as  TQQ  percent  from  the  estimate. 
This  is  summarized  ,:in,.Tabde  D- 8 


Duration  of  Remediation;  t For  the  purposes  of  this  feasi- 
bility study,  it  was  assumed  that  four  stabilization/ solidi- 
fication machines  would  be  employed,  and  that  they  would 
take  approximately  14  years  to  complete  the  remediation  (see 
Chapter  7).  If  the  number  of  machines  was  increased,  this 
would  shorten  the  schedule  and  impact  the  present  worth 
analysis  accordingly  for  this  alternative.  If  12  machines 
were  utilized,  the  process  would  take  approximately  5 years 
to  complete.  This  could  have  a substantial  effect  on  the 
total  present  worth  of  the  project.  See  Table  D-8. 
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Excavation,  Transportation,  and  Disposal  of  Tailings. 

Under  Alternative  1,  all  tailings  and  soils  along  the  Mill- 
Willow  Bypass  and  below  Pond  1 would  be  excavated  and 
transported  to  the  nearest  pond  prior  to  stabilization/ 
solidification.  The  estimates  of  the  quantity  of  material 
above  the  action  level  are  based  on  limited  data.-  Thus,  the 
quantity  variations  could  be  substantial,  and-. could 
significantly  affect  the  construction  cost  estimate  for  this 
action.  The  estimated  potential  variation  in  quantities  and 
the  impacts  on  construction  costs  are  shown  in  Table  D-8. 

The  minimum  quantity  (30,000  cubic  yards)  assuciies  that  one- 
half  of  the  tailings  would  be  above  the  act loir  level . The 

::T  a‘;u  - . 'wife.  w O .* 

maximum  quantity  (78,000  cubic  yards)  assume s^-tlia t all  the 
tailings  would  be  above  the  action  level ...  -r . 


Alternative  2 


The  primary  factors  which  may  caube  shbsta|i,ti.alryariation  in 
the  cost  for  Alternative  2 inc 


vc 


Quant it ies-andSunit  costs  associated  with  hauling 
contaminated  soils  :to  a RCRA  facility 


Unit  cdstSk  for  riprap 


Quantities  associated  with  foundation  conditions 
in  the  existing  ponds 


It  2 JL 


a * 


Magnitude  of  the  maximum  credible  earthquake 

\ w . £ • 4. ..  * • * v • 
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RCRA  Facility  Disposal.  Alternative  2 assumes  that  all 
contaminated  soils  and  unvegetated  tailings  above  the  action 
level  would  be  excavated  and  transported  to  the  nearest  RCRA 
permitted  disposal  facility.  There  are  two  significant 
factors  associated  with  this  assumption  which  could  affect 
overall  costs- -unit  costs  and  total  quantities  of  material. 


inner-  sniroi 


The  unit  costs-could  vary  depending  on  the  type  of  transpor- 
tation (truck/ trailer  or  train) f routing,  special  require- 
ments enroute,  and  disposal  costs.  The  minimum  unit  cost 
($180  per  cubic  yard)  assumes  transportation  by  train,  no 
extraordinary,  enroute  requirements,  and  discounted  disposal 
costs  due  to  the  quantities  and  low  toxicity  of  the  materi- 
als. The  maximum  unit  costs  ($300  per  cubic  yard)  assumes 
truck/ tra! lex  transport , special  permitting  and/or 
inspection  requirement s enroute^. and  elevated  disposal  costs 
caused  by  the  quantities  involved  : (,e  . g • > ^requiring  opening 
and  permitting  a new  disposal  aiea^V”^^’ 


.At 


The  quantities,  of  tailings  and  Soils  excavated  could  vary 
depending  upon  the  .amount  of  material  above  the  action  level 
Since  the  unit  CidatS'Qf  ^trluiSportation  and  disposal  are  so 
high,  it  was  aSsdtned  that  extensive  testing  and  special  care 
would  be  exercised  in  excavating  only  those  materials  above 
the  action  level.  Thus , the  minimum  quantity  was  assumed  to 
be  approximately  one-third  of  the  contaminated  soils.  The 
maximum  quantity  was  assumed  to  Include  all  of  the  contami- 
nated soils.  , ~ - - • 


The  impacts  of  the  variations  of  these  unit  costs  and  quanti 
ties  on  the  overall,  cost  of  this  action  are  shown  in 
Table  D-9.  „ 
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Riprap.  The  cos't  estimates  shown  in  Appendix  ft 'assumed 
that  the  riprap  would  come  from  a limestone' quarry '“approxi- 
mately 5 miles  west  of  Anaconda.  If  material 'from  this 

» r « i 

quarry  was  not  available  in  sufficient  quantities  or  was 
otherwise  unacceptable^  another  source  would  ’have  to  be 
located.  The  unit  “costs  for  riprap  Were  assiM^d  to  vary 
from  $20  per  cubic  yard  (under  good  bidding  conditions)  to 
$30  per  cubic  yard  (up  to ; a 30-mid.e  "haul)  f ' -The  ^cost  impacts 
of  these  assumptions  are  shown  in  -Table  9 , “ 


~<c 


Foundation  Conditions/  Several  quantities  Gdtrxd  “vary 
significantly  depending  on  foundation  c on<f ^ fons: ^tti  the 
existing  ponds.  These  include  f lattenilig^^^m^existing 
berm  slopes  to  mitigate  earthquake  e f fee ts.  : (Metfia- Specific 
Action  3 in  Chapter  7)  and  construction  of 'the  -berm  and  tem- 
porary cofferdam  in  Pond  3 ( Me dia - S p e cif Axrtibh  - 5A.  in  Chap- 
ter 7)  . - E ^ ~ “ 

%> \Qref  s rnirxxrrr-  ^ 

Flattening  of  the  berm  slopes  requires  that  existing  pond 
bottom  sediments  at  the  toe^of  the  sloped  be-  excavated  until 
adequate  f oundat ion  oondit ions  are  reached/--1  Three  feet  of 
excavation  were  assumed  for,  cost  estimating' purposes . For 
the  sensitivity  analysis,;' it  was  assumed  that  excavation 
depths  could  vary-Aipia/^  feet  to  10  feet* 


The  construction  of  the  berm  across  Pond  3 and  the  cofferdam 
required  to  construct  the  new  outlet  structure- require 
special  considerations.  They  will  likely  be  constructed  "in 
the  wet"  by  pushing  gravel  and  rock  out  from  one  of  the 
berms.  Because  the  gravel  and  rock  must/ be-'p laced*  on  top  of 
the  existing  pond  sediments/the  quantity-of- material 
required  is  uncertain.  The  reason  is  that  the  rock  and 
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gravel  will  tend  to  displace  the  sediments  and  sufficient 
material  must  be  placed  until  stability  is  achieved.  For 
the  purposes  of  the  sensitivity  analysis,  it  was  assumed 
that  as  much,  as  twice  the  estimated  quantity  of  material  may 

be  required  before  stability  is  achieved. 

-.:c nX  a :,x  . * : 

The  cost  impacts  of  the  foundation  condition  assumptions  are 
shown  in  Tabie^D-9.  ' 


Maximum  Credible  Earthquake.  Greater  berm  stability  to 
withstand  the  shaking  forces  of  earthquake s/Wpuld  be 
achieved  by  flattening  the  slopes  of  the  berms.  The  current 
slopes  are  as  steep  as  1.4:1  (horizontal;!;,  to  vertical),  and 
would  be  flattened  to  2.5:1  under  the  assumption  used  in 

r°  - ► . « .ilf  ‘Hi. 

this  study.  The  '2.5:1  slope  was  selected  based  on  available 
Information  on  the  berm  construction  materials  and  on  the 

estimated  maximum  credible  earthquake.:  As  noted  in  Chap- 

B'.'.'M  ciVX  "tsar""  — ~ ■■■  ~ • ~ «-  r.  - r .it  % ■ 

ter  4,  a site-specific  e a rthquakeJ:study^  wi IT  be  required  dur- 


*1  - 


ing  the  design  in^etigatioh^r  ife  tSiat  study  results  in  a 
substantially  different  df  the  maximum  credible 

earthquake,  the  final,, slopes  for  the  berms  may  be  either 
greater  or  less  ' '.for  purposes  of  the  sensitivity 

analysis,  it  wis  assumed  -that  the  final  slopes  may  need  to 

Xrr  ? :3 K—a.- 

be  as  flat  as  3' .‘Silk,  The  cost  difference  due  to  this  vari- 


ation is  shown  in  Tables  D-9  through  13. 

Alternative  3 

r .;/o*  s.£lysz£x  io  :ar : ~.s  : 

The  major  cost  variables  for  Alternative  3 include: 

- e-JCer  ailXb  too  T . *„•  ,l- 

0 f _ ■■  _♦  — • f 

o Quantities  of  Contaminated  soils  and  tailings 
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Unit_,£Qsts  for  riprap 


SC  ZZLr"  . 

Quantities  for  foundations  for  the  berm  slope  flat- 

" ■*  t ’ ' i £ Z'O  '?£>’iOC'. 

tening 


Quantities  in  the  berm  and  cofferdam  in  Pond  3 


r- -r*  r 


eifr  :c-  eroscm, 


f ~*"c  r 


Magnitude  of  the  maximum  credible  earthguake 

• ~ s>  _ •»  -!-■  i t.  rrwc 

Quantities^ fox,  the.- wet  closure  of  Pond  2 

- - • SJi  ~ • & *Li  S 17  "T: 


or-  cs  € u.  x.  r~  ss  rc  esir 


■jd'^kZlacT.  w/  x 

snx  x. 


The  uncertainties,  regarding  quantities  of  contaminated  soils 
and  tailings  are  discussed  under  Alternative  1,  above.  The 
uncertainties  regarding  riprap,  foundations  for  the  berm 
slope  flattening,^  the.  berm  and  cofferdam,  in  Pojid  3,  and  the 

•'Si*  * <1  vtiJ.  '*  -J  Z .J  . 

magnitude  of  the  maximum  c r ed ible::, e ar tkguake  are  discussed 
under  Alternative  2 above.  The  magftit^^  the  uncertain- 
ties  and  their;  cost  ramif  icat iokA  hr  Mte t ive  ,3  are 
shown  in  Table  IX*  10,.  -The  var i ab id.lty  in,  quantities  for  the 

" - *•*  ***  ^ '•  - .**r*ui*:‘  -*  -4:  I!..::;..’  -TT  w f PIS  £S.  jZ.t  o'S  ! T P A 


wet  closure  of  -Pond  2 m#a 


r be low.  . ..  . . 

ss^ix^jK  a : vs::..:: 


'%:c 


a ■: 


St-7 


& y.  srxxrf: 


**v  ■**  *-f-  /•» 


Pond  2 Wet  Clost^a-^^lih,  shu|hern  portion  of  Pond  2 

would  be  flooded  through -tons t ruction  of  an  additional  berm 

• -j--ff  ~ - .™'  c<t  cj:  , C-  ‘ *_ 

across  Pond  2 (see  media* specif ic  action  8 in  Chapter  7). 

^ ■*-  •^^  w.  ..  •A  •*  "C.  « il  O i?.  £>  X.  . 

This  berm  would  be  Constructed  across  pond  bottom  soils  with 

” ■ rv7v. . N c s *.  r 

unknown  foundation  conditions,  causing  uncertainties  in 
estimating  berm  quantities.  For  this  sensitivity  analysis, 
it  was  assumed  that  as  much  as  7 feet  of  material  would  have 
to  be  removed  and  replaced,  to  reach  adequate  foundation 
materials  beneath  the  berm.  The  cost  difference  due  to  this 
variation  in  quantities  is  show  in  Table , D-J.0. 


»i.  *mJ  .M  4^  i t — x 
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Alternative  4 - -r  n-  -rr.bnuc-l 

idw  i &;.• - • ' * 

err.  so 

The  major  cost  variables  for  Alternative  4 include: 


~r.q  base.: 


^ c;  ~ o 


o Quantities  of  contaminated  soils  and  tailings 

jnoldtlrar  •-  o ; snb  

o Unit  costs  for  riprap 


c ! a 


a" 


o Quantities  of  foundation  materials  required  for 
berm^  slope  flattening-  * 

o Quantities  in. the  berm  and  cofferdam  in  Pond  3 


o Magnitude  of  the  maximum  credible  earthquake 

The  reasoning  behind  the  cost  variations  of  each  of  these 
ol  nsrxirpsr  3*-  --  k,  % 

items  has  been  discussed  above \ 1 The  magnitude  of  the  vari- 
ations for  Alternative  4 is  shot^\ih:  Table  D-ll. 

Alternative  5 \ 


r r ' r..  f'sfe  - * 

•~r  — •«=  "•  !!! 


w — . * - 


The  major  cost  variable  A for  Alternative  :5  include: 

C bns  1 ajrapi  e-ST^Sfe  - V’ 

o Quantities-  of.  contaminated  soils  and  tailings 

, •• 

o Unit  costs  for  riprap 


o Quantities  of  foundation  materials  required  for 
berm  slope  flattening 

o Magnitude  of.  the  maximum  credible  earthquake 
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o 


Foundation  quantities  for  the  Pond  2 wet' closure 
berm 

r „ • A \ -r  5.0  : ;;  :i£7  J2C3  TC 

Each  of  these  cost  variations  has  been  discussed  previously. 
The  dollar  amounts  resulting  from  the  cost  Variations  are 
shown  in  Table  D-12. 

Alternative  6 


...  -2.  rs  *6'-rrTj 

Q .5^  C_  . _Gx- 


£-  < rj * o sex  r*.r  dn&op 


The  major  cost  variables  for-  Alternative- 6 ' include : 


o Quantities  of  contaminated  soilSiand~ tailings 


o Unitecosts  for  riprap 


' r .•*  s/a  b "j 


. ~r  ■ •%.  Mr-?-  - 3Q  snlflO?  v"  i 

Quantities "of  foundation  materials  'required  for 
berm  slope  flattening  t 

e f.T  ri  ,lc:\  ’ 

Magnitude  of  the  maximum  tr edible  earthquake 


C. . ..  reed  arr:  at- 

1£;i  4 ^.nre?IA  tot  error . 


c evrrsr: 


: A 


Quantities- of  f c 
beneath  tM- 


foundation  materials  required 
as  to  wet  close  Tends'  2 and  3 


Each  of  these  variables 
costs  are  shown  in 


^ ^ — 'r  — ft  rjQ  0 

5S  has  been  discussed' previously . The 


D-13. 
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